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SECRET .

BOARD NUMBER U (7%0k4 Su) ;o
CONT[NENTAL ARMY COMMAND
ForT BLiss, TExAs [rag

2 MAY 1956

LETTER REPORT of TEST OF ACTIVE JiMMING AGAINST THE Trre 1]
CORPORAL Svstem (FLiaHTs 1} U-13, 1i U-14)(C)

!

COMMAND ING GENERAL
CONTINENTAL ArMY COMMAND
ForT MonNROE, VIRGINIA

)
< ATTN: ATDEV-4

1. AUTHORITY.

A. TesT DIRECTIVE GM 551 (REFEPENCE 2A BELOW) CONSTITUTES THE
AUTHORITY UNDER WHICH TH!S TEST WAS CONDUCTED,

B. THE OVER~ALL PURPOSE OF THE User TEST oF THE CORPORAL MisSILE
SYSTEM 1S TO DETERMINE THE SUITABILITY OF THE SYSTEM FOR USE BY THE ARMY,
THE SPECIFIC PURPOSE OF THIS TEST WAS TO DETERMINE WHETHER OR NOT THE
CORPORAL MisSILE BYSTEM COULD BE EFFECTIVELY JAMMED DURING FLIGHT. .

2. REFERENCES.

A. LeTTER, ATDEV-9 471.94/150 (C)(20 See 51), OCAFF, 20 Sep
1951, susJecT: "ArMY FIELD Forces USER TEST of THE CORPORAL SURFACE-TO=-
SURFACE MIssiLE SysTewm,'

8. CONARC EnGiINEER-User CORPORAL MISSILE ECM TesTs, TEST PLAN
Ne EDL-T1, 15 June 1955.

c. LeTTer, ATBD-B 471.9#/5, THIS BoArD, 21 DEceMBeR 1955, suBJecT:
"PRELIMINARY EVALUATION OF ACTIVE JAMMING AGAINST THE CORPORAL SysTeM
(FLients (1 U-13, |1 y-14)(s)."
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ATBD-B GM 551 3
SUBJECT: LETTER REPORT oF TEST OF ACTIVE JAMMING AGAINST ‘THE TYPE Th o
CORPORAL System (FLiehts |1 U-13, 1 U-14)(C) ,

3. DESCRIPTION OF MATERIEL.,

s

A. THE TyPE || CORPORAL MISSILE SYSTEM WAS USED DURING THESE
TESTS., A DETAILED DESCRIPTION OF THE OPERATION OF THE MOST AFFECTED
PORTIONS OF THE SYSTEM 1S ATTACHED AS PART OF JNcLosure Nr 1.

B. ELECTRONIC DEFENSE LABORATORY (EDL) ELECTRONIC COUNTERMEASURES
SYsTEM. THIS EQUIPMENT WAS DESIGNED AND FABRICATED BY EDL, AND WAS FIELD
TESTED DURING THESE TESTS TO DETERMINE IF THE ECM BASIC PHILOSOPHY WAS
SOUND. A DETAILED DESCRIPTION OF THIS EQUIPMENT 1S ATTACHED AS PART OF
INCLOSURE NR 1. ‘

i, BACKGROUND, A DECISION WAS MADE THAT AN ABBREVIATED ECM TEST
WOULD BE PERFORMED DURING THE FIRING PHASE oOF THE CORPORAL User TESsTS.,
THE ELECTRONIC DEFENSE LABORATORY (EDL), MOUNTAIN VIEW, CALIFORNIS WAS:
SELECTED BY THE OFFICE OF THE CHIEF SiGNAL OFF1CER, DEPARTMENT OF THE
ARMY TO SUPPORT BOARD NR 4, CONARC IN THESE ECM TESTS., TO OBTAIN MORE
VALID TEST RESULTS, T WAS DECIDED TO ACTIVELY JAM THE MISSILE SYSTEM
DURING A NORMAL FLIGHT RATHER THAN ATTEMPT TO JAM MISSILE COMPONENTS
INSTALLED IN AN AIRCRAFT. EDL WAS TO PREPARE A LABORATORY MODEL OF
INTERCEPT AND JAMMING EQUIPMENT BASED ON THE PHILOSOPHY DESCRIBED |N
PARAGRAPH 3, INCLOSURE NR 1. Two User Type ! CORPORAL MissiLES WERE
TO DE JAMMED DURING FLIGHT TESTS,

5. SuMmMmAry ofF TESTS,

A. CERTAIN ECM TERMS USED SUBSEQUENTLY IN TH!S REPORT ARE
DEFINED BELOW.

(1) SuccessruL:

(A) SIGNIFICANT INCREASE IN ERROR OF MISSILE CAUSED
BY CONFUSION OF GROUND STATION AND SPOOFING OF MISSILE.

' (8) DENIAL OF ARMING COMMAND.

(2) ACTIVE ELECTRONIC COUNTERMEASURES~=(ELECTRONIC JAMMING)~
THE DELIBERATE RADIATION, RERADIATION; OR REFLECTION OF ELECTROMAGNETIC
SIGNALS WITH THE OBJECT OF IMPAIRING THE USE OF ELECTRONIC DEVICES BY
THE ENEMY.

(3) PAsSSIVE ELECTRONIC COUNTERMEASURES--SEARCH FOR ELECTRO~
MAGNETIC RADIATIONS TO DETERMINE EXISTENCE, SOURCE AND PERTINENT CHARAC~
TERISTICS, INCLUDING THE COLLECTION AND TECHNJCAL ANALYSIS OF RESULTANT
ELECTRONIC {NTERCEPT INFORMAT!ON.,
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ATBD-B GM 551
SUBJECT: LETTER REPORT OF TEST OF ACTIVE JAMNING AGAINST THE TYypPe 11
CORPORAL SysTem (FLieHts [1 U-13, 11 U-14)(C)

8. THE INTERCEPT AND JAMMING OF CORPORAL USER FLiGHT ! U~13
(MissiLE NR 1627) WAS PERFORMED UNDER CONTROLLED CONDITIONS., THE COR-
PORAL GROUND STATION WAS EMPLACED IN THE ORO GRANDE CORPORAL Fiiine
AREA, WHITE SANDS ProviIng GROUND, NEW MEXi¢o. STANDARD OPERATING
PROCEDURES WERE FOLLOWED DURING CHECKOUT AND FIRING. THE MISSILE WAS
FIRED AT 1130 HoURs, 8 DeceMBER 1955. THE INTERCEPT AND JAMMING EQUIP=

MENT, OPERATED BY EDL, WAS EMPLACED IN THE VICINITY OF HoLtoMan AR DEvELOP~

MENT CENTER (HADC) ApproxiMATELY 45 kiLomeETers (28 MiLeEs) NNE oF THE
LAUNCHING AREA. EDL INTERCEPTED THE MISSILE RADIATION AND THEN JAMMED.
THE RADAR GUIDANCE LINK. THE ACTION TAKEN WAS TO OVERRIDE THE LEGIT!MATE
COMMANDS IN AZIMUTH, GIVING THE MISSILE PREDOMINANTLY HARD GO LEFT
COMMANDS, AND TO CAUSE ERRORS IN THE MISSILE POSIT(ON MEASUREMENTS MADE
BY THE CORPORAL GROUND GUIDANCE STATION. NO ACTION WAS TAKEN AGAINST

THE MISSILE DOPPLER LINK., "EDL. WAS SUCCESSFUL IN THEIR ATTEMPT TO
INTERCEPT AND JAM THE CORPORAL SYSTEM IN THIS FLIGHT.

C. THE INTERCEPT AND JAMMING OF CORPORAL USerR FLiGHT Il U~1l
(MissiLE NUMBER 1668) WAS ESSENTIALLY THE SAME AS FOR FLIGHT || U~13.
THE MAJOR DIFFERENCE BETWEEN THE TWO FLIGHTS WAS THE INFORMATION EDL
WAS ALLOWED TO KNOW PRIOR TO LAUNCHING OPERATIONS, |NFORMAT!ON FURN!SHED
EDL 1s L1sTED IN INCLOSURE NR 3. AN INFLIGHT MALFUNCTION OCGCURRING IN
THE CORPORAL MISSILE PREVENTED BOTH JAMMING AND COMMAND SIGNALS FROM
AFFECTING THE MISSILE FLIGHT. DUE TO A MALFUNCTION OF THE JAMMER AUTOMATIC
FREQUENCY CHANGING SERVO,  EDL HMAS CONSIDERABLE DIFFICULTY MAINTAINING
"FREQUENCY LOCK." AGAIN, NO ACTION WAS TAKEN 8Y EDL TO INTERRUPT THE
MISSILE~DOPPLER LINK. EDL WAS SUCCESSFUL IN THEIR ATTEMPT TO INTERCEPT
AND JAM FLIGHT || U~14, BUT TO A LESSER DEGREE THAN wWiITH [} U~13.

6. CONCLUSIONS.

A. THE CORPORAL Type |l MISSILE SYSTEM |S VULNERABLE TO BOTH
ACTIVE AND PASSIVE ELECTRONIC COUNTERMEASURES.

8., THE BASIC PHILOSOPHY oF EDL's ECM sYSTEM 1S SOUND,

¢. THE APPLICATION OF CERTAIN PROCEDURAL CHANGES WiLL ELIMINATE
SOME OF THE EFFECTS oOF ECM.

7. RECOMMENDATIONS. [T IS RECOMMENDED THAT:

A. TECHNIQUES BE DEVELOPED SUCH THAT THE FOLLOWING MAY BE
ACCOMPL | SHED:
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SECRET

ATBD-B GM 551 . o ,
SUBJECT: LETTER REPORT oF TEST OF ACTIVE JAMMING AGAINST THE TYPE ||
CORPORAL SysTem (FLiaHTs 11 U-13, 11 U-1%)(C)

(1) ELIMINATION OF PRE~LAUNCH RADIATION.

{2) TURN-ON OF RADAR HIGH VOLTAGE NOT EARLIER THAN T 4 10
SECONDS.

(3) CALIBRATION OF RADAR-LAUNCHER RANGE BE PERFORMED WITH~
OUT RADIATION.

B. CONTINUED EMPHASIS BE PLACED ON ECM, AND THAT TRAINING BE
CONDUCTED IN SUCH A MANNER THAT THE EXISTING SECURITY DEVICES (CURRENTLY"
AVAITLABLE IN THE MISSILE SYSTEM) LISTED BELOW ARE UTILIZED TO THE MAXIMUM
EXTENT ! :

(1) AziMuTH COMMAND TERMINATION COUNTER!IS SET TO THE
MINIMUM VALUE,

(2) ALL RADIATION BE TERMINATED 10 SECONDS AFTER THE MISSILE

RADIO BEACON IS DE-~ENERGIZED AFTER RANGE CORRECTION TIME.

(3) EXTREME CARE BE TAKEN IN ADJUSTING RREQUENCIES WITHIN
THE SYSTEM IN ORDER THAT PEAK SIGNAL STRENGTH MAY BE RECE|VED,

(4)  VARY THE RADAR PRF (WITHIN THE CAPABILITY OF THE
SYSTEM) BETWEEN MISSILE FIRINGS.

(5) EXTREME CARE BE TAKEN WHEN ADJUSTING COINCIDENCE USING
THE STANDARD DECODERS,

c. CONSIDERATION BE GIVEN TO MODIFICATION OF THE EXISTING
CORPORAL TyPe ! SYSTEM SO THAT: ’

(1) "ComManps IN" ACTUATOR B-1 CAN BE RESET DURING ANY
PORT{ON OF THE FLIGHT.

(2) THE MIssILE TRANSPONDER SET AGC CHARACTER|STICS ARE
IMPROVED SUCH THAT THE MINIMUM LEGITIMATE SIGNAL MAY DE ACTED UPON AND
WEAKER JAMMING SIGNALS ELIMINATED.

(3) THE SUSCEPTIBILITY TO WIDE PULSE JAMMING 1S MINIMIZED,

(4) HicHER RADAR PRFS MAY BE UTILIZED {APPROXIMATELY 2000
PULSE GROUPS PER SECOND).
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ATBD-B GM 551 4
SUBJECT: LETTER REPORT OF TEST OF ACTIVE JAMMING AGAINST THE TYpe ||
CORPORAL SysTeM (FLigHTs 11 U=13, 11 u~14)(c)

D. THE DEVELOPMENT AGENCY CONDUCT A STUDY OF THE SUSCFPT!DILITY
oF FUTURE CORPORAL MissiLE sYsTEMS To ECM.

E. FUTURE MED!IUM AND LONG RANGE SURFACE=~TO~SURFACE GUIDED M1GSfLE

SYSTEMS DEING DEVELOPED USE A NON-RADIATING TYPE OF GU|DANCE SYSTEM.

F. THE PRESENT EDL DETECTION AND JAMMING SYSTEM BE MODIFIED,
AS NECESSARY, AND A NEW PROTOTYPE SYSTEM BE CONSTRUCTED AND TESTZD AGAINST
COMMAND~TYPE SURFACE~TO~SURFACE MISSILE SYSTEMS,

Jé/lNcLs JOHN H. KOCHEVAR

1. DESCRIPTION OF MATERIEL COLONEL, ARTY
2. PHoTos oF EDL EQUIPMENT PRESIDENT

;. DeTalLs oF TEST
} CHARTS oF REDUCED RECORDED DATA

5. PHOT0S oF RADAR RANGE SCOPE

,-" /4 B //i:;ﬁi | 4;)/
fﬁ%ﬂgéﬁigmf’oa4WﬂLJ .

.

COPIES FURNISHED:
CG, USAREUR, APO 403, NY, NY
ATTN: G-3 (%)
CG, AAAGGM Cen (1)
CG, ARTY & GM Cen (1)
CG, RSA, ATTN: R&D Div (1)
CG, WSPG, ATTN: OM (2)
CG, 1s7 GM Brita, ATTN: OIC TAT
20 GM Gp (1)
Dir, . OSWD (1) Y,
CO wsscA (2)
9860TH TU, Mr View, CaLiF (1)
BD NR 1 Rep, Bo N U (2)
DiIR, ELct Der Las (5) :
CONARC LNO, JPL/CIT (2)
CONARC LnOs RSA (1)
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BOARD NUMBER 4 (7104 su) , ~
CONTINENTAL ARMY COMMAND - ?
ForT BLiss, TEXAS :

DESCRIPTION OF MATERIEL

1. CORPORAL GROUND GUIDANCE STATION. THE GUIDANCE EQUJ|PMENT couPn:s:é

THOSE COMPONENTS USED IN THE CORPORAL SYSTEM FOR ELECTRONIC CONTROL OF THE
MiISSILE FROM THE TIME THE GROUND COMMANCS BEGIN TO OVERRIDE THE FLIGHT
PROGRAMMER UNTIL FINAL RANGE CORRECTION. THE GROUND GUIDANCE EQUIPMENT
NORMALLY CONSISTS OF THE RADAR SET AN/MPQ-25, THE RADIO SET (DOPPLER)
AN/MRQ-~7, AND THE COMPUTER GROUP AN/MSA-6. .
A. RADAR SET AN/MPQ-25. RADAR SeT AN/MPQ-25 INCLUDES RADAR

SET GROUP OA-B52/MPQ-25, OPTICAL TRACKER XM 3, AND ANTENNA GRouP AN-651/
MPQ-25.

(1) THE RADAR SET 1S INCLUDED IN THZ CORPORAL MISSILE
GUIDANCE SYSTEM TO MEASURE MISSILE POSITION CONTINUOUSLY AND TO TRANSMIT
THE COMMANDS NECESSARY TO KEEP THE MISSILE ON THE PROPER HEADING TO THE
TARGET. |NFORMATION AS TO MISSILE RANGE, ELEVATION, AND AZIMUTH DEVIATION
FROM THE CORRECT TRAJECTORY IS FED TO THE COMPUTER STAT|{ON WHERE THE
COMMAND OUTPUT 1S FORMULATED, ‘

(2) CONICAL SCANNING PROVIDES A METHOD OF CAUSING THE ANTENNA
TO FOLLOW THE TARGET AUTOMATICALLY. I[N CONICAL SCANNING THE RF BEAM
ROTATES ABOUT THE ELECTRICAL AXIS OF THE REFLECTOR AND AN ERROR VOLTAGE
IS GENERATED TO CONTROL THE POSITION OF THE ANTENNA IN ELEVATION. THE
ERROR SIGNAL WILL SHOW THE RELATIONSHIP OF THE MISSILE TO THE ANTENNA
ELECTRICAL AXIS. THE ANGLE OF RADAR ANTENNA POSITION IN ELEVATION
EQUALS @, THE ANGLE OF ELEVATION OF THE MISSILE ABOVE THE HOR!IZONTAL PLANE
AS MEASURED FROM THE RADAR SET. ROTATION OF THE ANTENNA IN ELEVATION
MOVES THE ARMS OF THE ELEVATION POTENTIOMETER. THE COMPUTER RECEIVES
VOLTAGES REPRESENTING 4 SIN @ AND - cos (J FROM THE ELEVATION POTENTIO-
METER.

. (3) SINCE THE ANTENNA CANNOT BE MOVED [N AZIMUTH, THE AXIMUTH
ERROR SIGNAL 1S NOT USED FOR ANTENNA POSITIONING BUT 15 SENT DIRECTLY TO
THE COMPUTER STATION, WHERE A PROPORTIONATELY CORRECTIVE YAW COMMAND 1S
DETERMINED TO PUT THE MISSILE BACK ON A CORRECT HEADING TO THE TARGET
BURST POINT.

INCLOSURE 1
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(4) IN AUTOMATIC OPERATION THE AZIMUTH AND ELEVATION.ERROR 2
SIGNALS DEVELOPED BY THE TRACKING SYSTEM HAVE A FREQUENCY OF APPROXIMATELY
25% CPS, WHICH 1S THE FREQUENCY OF ROTATION OF THE CONICAL SCAN. THE
REFERENCE SIGNALS FURNISH TO THE TRACKING SYSTEM A STANDARD WITH WHICH THE
ERROR SIGNALS ARE COMPARED. IN AUTOMATIC TRACKING THE REFERENCE SiGNALS
ARE SUPPLIED BY A TWO-PHASE GENERATOR, WHICH IS MOUNTED ON THE ANTENNA
SHAFT AND IS DRIVEN BY THE SAME MOTOR WHICH DRIVES THE CONICAL SCAN.

(5} THE ERROR SIGNAL PRODUCED BY A PURE AZIMUTH POINTING
ERROR 18 EITHER IN PHASE OR 130 DEGREES OUT OF PHASE WITH THE AZIMUTH
REFERENCE SIGNAL AND THE ERROR SIGNAL PRODUCED BY A PURE ELEVATION
POINTING ERROR IS EITHER IN PHASE OR 180 DEGREES OUT OF PHASE WITH THE
ELEVATION REFERENCE SIGNAL. THE AZIMUTH REFERENCE SIGNAL «S 90 DEGREES
OUT OF PHASE WITH THE ELEVATION REFERENCE SIGNAL. THE FIELD WINDINGS OF
THE REFERENCE GENERATOR MAY BE ROTATED TO ADJUST THE PHASE OF THE REFERENCE
SIGNAL WITH RESPECT TO THE ANTENNA BEAM POSITION; THIS, IN EFFECT, E£S-
TABLISHES THE PROPER RELATIONSHIP BETWEEN THE REFERENCE S5IGNALS AND THE
HORIZONTAL AND VERTICAL PLANE., THE ELEVATION TRACKING ERROR VOLTAGE
(PROPORTIONAL TO THE AMOUNT OF PHASE SHIFT BETWEEN THE ELEVATION REFERENCE
SIGNAL AND THE ELEVATION ERROR SIGNAL) IS PROPORTIONAL TO THE AMOUNT AND
DIRECTION OF ANTENNA ELEVATION POINTING ERROR. THE AZIMUTH TRACKING ERROR
VOLTAGE (PROPORTIONAL TO THE AMOUNT OF PHASE SHIFT BETWEEN THE AZIMUTH
REFERENCE SIGNAL AND THE AZIMUTH ERROR SIGNAL) 1S PROPORTIONAL TO THE
AMOUNT AND DIRECTION OF MISSILE DEVIATION IN AZIMUTH FROM THE RADAR
TARGET LINE,

(6) THE OPERATION OF THE INPUT CIRCUITS TO THE AUTOMATIC

TRACKING UNIT (ELEVATION TRACKING) 15 CONTROLLED BY A NARROW GATE FROM

THE RANGE SYSTEM. GATED OPERATION OF THIS INPUT CIRCUITRY INSURES THAT

ONLY S!GNALS ARRIVING WITHIN THE PERIOD OF THE NARROW GATE ({EQUAL TO
APPROXIMATELY 2,000 YARDS OF RANGE OR-+ 1,000 YARDS OF THE TARGET BEING
TRACKED, AND ALSO EQUAL TO APPROXIMATELY 12.2 M SEC OF TIME) WILL ENTER

THE AUTOMATIC TRACKING UNIT. DURING THE PERIOD OF THE NARROW GATE (APPROX! -
MATELY 12,2 | SEC) THE CONICAL SCAN WILL ROTATE APPROXIMATELY 2 MILS.

(7) THE GROUND RADAR STATION, AS PRESENTLY DESIGNED, OPERATES
ON EITHER OF THREE PULSE RECURRENCE FREQUENCIES, 64O, 731, or 853 ces.
WHEN THE PULSE RECURRENCE FREQUENCY RECEIVED BY THE MISSILE DROPS TO
465 cps, OR LOWER, INTERROGATION OF THE MISSILE TRANSPONDER STILL RESULTS;
HOWEVER, NO PITCH OR YAW COMMANDS ORIGINATING OUTSIDE THE MISSILE WiLL
BE ACTED UPON BY THE MISSILE.

(8) IN ADDITION TO THE ABOVE, THE RADAR SET PROVIDES DATA
FOR CONTINUOUS CORRECTION OF A PRESET PROPELLANT SHUTOFF TIME ( A VITAL
FUNCTION EFFECTING FINAL RANGE) BY DETERMINING PRECISE RANGE AND ELEVATION
OF THE MISSILE DURING A SPECIFIED PORTION OF THE PERIOD OF - POWERED FLIGHT.

2
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THE MISSILE POSITION MEASUREMENTS ARE.SUPPLIED TO THE COMPUTER STAT|ON . ) g
WHERE A CORRECTION TO PRESET SHUTOFF TIME 1S DETERMINED IF NECEssARY.'

AFTER SHUTOFF, THE RADAR SET TAKES ANOTHEK PREC!ISE RANGE AND ELEVATION
MEASUREMENT WHICH 1S USED BY THE COMPUTER STATION 7O DETERMINE A FINAL
RANGE CORRECTION COMMAND TO BE TRANSMITTED TO THE MISSILE BY THE RADAR.

B. COMPUTER GROUP AN/MSA-6, COMPUTER GROUP AN/MSA-6 CONTAINS )
FACILITIES FOR COMPUTING DEVIATIGNS OF THE PATH OF THE MISSILE FROM PRE-" o
CALCULATED TRAJECTORY DATA AND FOR GENERATING CORRECTIVE COMMANDS; AS- ' s
REQUIRED, TO BEING THE MISSILE ON COURSE SO AS TO ARRIVE AT THE TARGET
BURST POINT, MISSILE AZIMUTH, ELEVATION, AND RANGE CORRECTION DATA ARE
SUPPLIED BY THE RADAR SET, AND RRECISE RAD{AL VELOCI{TY DATA |S FURNI|SHED
BY THE DOPPLER STATION.

(1) A STANDARD TRAJECTORY IS COMPUTED FROM DATA SET INTO
THE GUIDANCE SYSTEM PRIOR TO A MISSILE FIRING. COMMAND SIGNALS FOR
CORRECT | ON OF M!SSILE POSITION ARE COMPUTED BY COMPARING THE RADAR SET
AND DOPPLER STATION DATA WITH COMPUTED STANDARD TRAJECTORY DATA. A
MISSILE PROPELLANT SHUTOFF CORRECT|ON FACTOR |S COMPUTED IN THE COMPUTER

|
3

STATION AND SUPPLIED TO THE DOPPLER STATION. ACCUMULATED IMPACT RANGE
ERRORS OCCURRING AFTER PROPELLANT SHUTOFF ARE 'COMPUTED AND USED IN THE
FORMATION OF A RANGE CORRECTION COMMAND. THE RANGE CORRECT!ON COMMAND,
TRANSMITTED BY THE RADAR SET, PARTIALLY ARMS THE WARNHEAD CARRIED BY THE
MISSILE. [MPACT TIME OF THE MISSILE IS ALSO COMPUTED BY THE COMPUTER
STATION AND 1S USED TO TIME THE TRANSMISSION OF THE RANGE CORRECTION
COMMAND . : -

) (2) THE RANGE CORRECTION COMMAND ( BX] = AAR! -+ B Sin B+
C STRB + D) is COMPUTED NEAR MID-~TRAJECTORY FROM ERRORS IN RADAR SLANT
RANGE ( AR), ELEVATION ANGLE (SiN B), RATE OF CHANGE OF ELEVATION
ANGLE ( TTR™*B) AND VARIOUS PRESET CONSTANTS. THE COMMAND IS COMPUTED
WHEN THE MISSILE REACHES A PRECISE VELOCITY WHICH |S PRESET AND DETERMINED
BY THE DOPPLER STATION. SLANT RANGE PROVIDED BY THE RADAR STATION IS OF
TWO TYPES, ONE TYPE CONSISTS OF A CONTINUOUS MEASUREMENT OF THE D1FFERENCE
(A Ro) BETWEEN MI1SSILE POSITION (R) AND A PRECALCULATED RANGE FOR M{SSILE
PROPELLANT SHUTOFF (Rg). THE OTHER TYPE OF I|NFORMATION CONSISTS OF A
CONT INUOUS MEASUREMENT OF THE DIFFERENCE (/\Rp) BETWEEN A GIVEN MISSILE
PoSITION (R}, AFTER SHUTOFF, TO A PRECALCULATED RANGE AT WHICH FINAL
RANGE CORRECTION VELOCITY WOULD NORMALLY BE REACHED {(R.). EACH OF, THE
TWO TYPES OF INFORMATION {S PRODUCED ONLY WHEN THE MISSILE IS WITHIN

“

APPROXIMATELY 2,000 YARDS OF EACH PRECALCULATED RANGE. THE OUTPUT .
{

{EITHER Ro OR Rr) 1S IN THE FORM OF A DC VOLTAGE WHICH 1S POSITIVE WHEN

THE MISSJLE 1S APPROACHING THE PRECALCULATED RANGE, ZERQ WHEN THE P
MISS{LE 1S AT THE PRECALCULATED RANGE AND NEGATIVE WHEN THE M{ISSILE IS A

BEYOND THE PRECALCULATED RANGE. THE OUTPUT VOLTAGE CHANGES CONTINUOUSLY
SO THAT AT ANY POINT WITHIN THE RANGE SPAN N WHICH MEASUREMENT IS MADE,

THE VOLTAGE 1S PROPORTIONAL TO THE DIFFERENCE BETWEEN ACTUAL RANGE AND 4

3
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GIVEN PRECALCULATED RANGE. THE PRESENT SCALE FACTOR FOR Ry ts 300 vArps

PER VOLT AND FOR Rp, 230 YARDS PER VOLT. POSITIVE AND NEGATIVE VOLTAGE
LIMITING NETWORKS IN THE RADAR STATION PREVENT Ro AND Rr FROM REACHING

VOLTAGE VALUES OF GREATER THAM 4 10 voLTs.

. iy / '
' (3) SINP IS A FUNCTION OF + sﬁN!ﬁ AND :cos f (@ = RABAR
ELEVATION ANGLE) RECEIVED FROM THE RADAR STATION., STN B 1S COMPUTED
WITHIN THE RANGE CORRECTION COMPUTER. : '

‘ (1)  THE RANGE CORRZCTION COMMAND CONSISTS OF A POLARITY PULSE ‘ e
' OF ONE SECOND DURATIGN, THEC POLARITY OF WHICH DETERMINES THE DIRECTION OF SRR
) RANGE CORRECTION (GO LONG OR GO SHORT) FOLLOWED ONE SECOND LATER BY THE | |

: COMMAND PULSE WHOSE WIDTH DETERMINES THE AMOUNT OF RANGE CORRECTION. A o ‘
| SECOND FUNCT)ON OF THE POLARITY PULSE 1S TO PARTIALLY ARM THE MISSILE,

(5) THE TIME ELAPSE BETWEEN TRANSMISSICN OF THE RANGE
CORRECTION POLARITY PULSE AND ARRIVAL OF THE MISSILE AT THE TARGET BURST
POINT 1S CRITICAL AND MUST EQUAL A PRECALCULATED TIME. THEREFORE ANY.
VARIATION IN THE TIME AT WHICH THE MISSILE REACHES RANGE CORRECTION |
VELOCITY AND THE PRECALCULATED TIME MUST BE COMPUTED AND USED TO TIME ' *
THE TRANSMISSION OF THE RANGE CORRECTION COMMAND. THIS [S THE SOLE
FUNCTION OF THE TIME TO IMPACT COMPUTER. THE INPUT DATA 7O THE TIME
TO IMPACT COMPUTER 1S THE SAME AS THAT FOR THE RANGE CORRECTION COMPUTER
EXCEPT FOR THE PRECALCULATED CONSTANTS.,

- w2
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c. RADIO SET AN/MRQ-7. TOGETHER WiTH THE RADAR SET AND THE :
: COMPUTER GROUP, RADIO SET AN/MRQ-T (DOPPLER) COMPLETES THE GUIDANCE
- STATION FOR THE CORPORAL MissiLE.

(1) THe DOPPLER STATION OPERATES AS AN INTEGRAL PART OF THE
CORPORAL. GUIDANCE STATION, ACCURATE MEASUREMENTS OF MISSILE RADIAL VELOCITY,
COMMANDS, AND SIGNALS BASED ON THESE MEASUREMENTS ARE ACCOMPLISHED BY THE
DoPPLER STATION.

(2) THe DOPPLER THEORY STATES THAT IF THERE 15 A RELATIVE
MOTION (VELOCITY) BETWEEN THE SOURCE OF THE WAVE MOTION AND THE OBSERVED
WAVE MOTION,A CHANGE IN FREQUENCY OR PITCH OCCURS. THIS FREQUENCY CHANGE
1S THE DOPPLER EFFECT,WHICH IS USED TO ACCURATELY MEASURE THE RADIAL
VELOCITY OF THE CORPORAL MiSsSILE. THE DOPPLER STATION RF SIGNAL IS TRANS~
MITTED TO THE MISSILE RADIO BEACON WHERE T 1S AMPLIFIED, DOUBLED IN
FREQUENCY AND RETRANSMITTED. THE DOUBLED RF SIGNAL CONTAINING THE DOPPLER "
FREQUENCY CHANGE IS RECEIVED AT THE GROUND DOPPLER STATION WHERE IT IS
BEAT AGAINST TWICE THE GROUND DOPPLER TRANSMITTED FREQUENCY. THE FREQUENCY
DIFFERENCE {BEAT FREQUENCY) 1S A RESULT OF MISSILE RADIAL VELOCITY., WHEN
THE RADIAL VELOCITY OF THE MISSILE AND THE RESULTANT DOPPLER BEAT FREQUENCY
REACH A PREDETERMINED VALUE, A CODED SiGNAL MODULATES THE TRANSMITTER TO
PROVIDE THE SHUTOFF COMMAND THAT INITIATES PROPELLANT SHUTOFF IN THE
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MiSSILE. AT A LATER TIME, WHEN THE DOPPLER BEAT REACHES ANOTHER PRESET . f
VALUE THE RANGE CORRECTION SIGNAL IS GENERATED. THIS SIGNAL IS RECEIVED
BY THE COMPUTER STATION WHICH THEM DETERMINES THE VALUE OF RANGE CORRECTION
COMMAND REQUIRED, . ' . " :

{3) IN ADDITION TO THE ABOVE, THE DOPPLER STATION TRANSMITS
TO THE MISSILE, A DOPPLER WARHEAD ARMING COMMAND (CONTROLLED BY THE COMPUTER .
STATION), S s ,

2. CORPORAL MissiLe INTERNAL GUIDANCE SYSTEM. THE MISSILE INTERNAL »
GUIDANCE SYSTEM CONSISTS OF SEVERAL COMPONENTS INTERCONNECTED IN SUCH A - ‘ j} ‘
MANNER THAT THE SYSTEM RECE{VES AND ACTS UPON VARIOUS SI1GNALS FROM ' . 13 f
SEWERAL SOURCES DURING FLIGHT. A FEW MINUTES PRIOR 70 TAKEOFF, A TEST 1S i}
ACCOMPLISHED DURING WHICH TIME THE GROUND RADAR RADIATES AND INTERROGATES - t
THE TRANSPONDER SET (T S). SATISFACTORY COMPLETION OF THE "RADAR COMMAND
Loop TEST" INDICATES THAT THE RADAR~MISSILE COMMAND LINK IS FUNCTIONING
PROPERLY, APPROXIMATELY FOUR SECONDS AFTER THE FIRING BUTTON ON THE
FIRING PANEL 1S DEPRESSED, THE ROCKET MOTOR HAS DEVELOPED SUFFICIENT THRUST v b
TO CAUSE THE MISSILE TO RISE VERTICALLY FROM THE LAUNCHER. AT THIS TIME L
(T EQUALS O SECONDS) THE MASTER TIMER IN THE AUTOMATIC P1LOT FLIGHT *
CONTROLLER (CONTROLLER) 1S STARTED. DIRECTIONAL AND ATTITUDE STABILITY
OF THE MISSILE IS MAINTAINED BY GYROSCOPIC SIGNALS FROM T EQUALS O UNTIL
SHUTOFF, AT T PLUS 4 SECONDS, THE YAW PROGRAM SIGNALS WHICH HAVE BEEN
PRESET IN THE CONTROLLER ARE COMBINED WITH THE GYRO S{GNALS, AND
ARE SENT TO THE PROPER CHANNELS OF THE ELECTRONIC CONTROL AMPLIFIER (ECA).

THE ECA THEN SENDS THE RESULTING SIGNALS TO THE NORTH AND SouTH (vAw)

SERVO MOTORS WHICH IN TURN ACTUATE THE NORTH AND SOUTH CONTROL SURFACES

(FINS) AND PROGRAMMING IN YAW BEGINS, AT T PLUS h.5 SECONDS; THE PITCH

PROGRAM SIGNALS ARE INJECTED INTO THE SYSTEM THROUGH THE ECA TO ACTUATE

THE EAST AND WEST (PITCH) FINS AND PITCH PROGRAMMING BEGINS, AT T PLUS

21 SECONDS, THE 'CONTROLLER CLOSES A SWITCH WHICH CAUSES ACTUATOR B-1

(CoMMANDS IN) TO OPERATE. OPERATION OF B-~1 ENABLES RADAR PITCH AND YAW

COMMANDS FROM THE T S TO PASS THROUGH THE CONTROLLER 70 THE ECA, THE

FUNCTION OF THE T S 1S TO RECEIVE THE CODED PULSE GROUPS FROM THE GROUND

RADAR AND, IF THE FIRST THREE PULSES ARE CODED PROPERLY, TO EXTRACT
INTELLIGENCE FROM THE FOURTH AND FIFTH PULSES AND TO TRANSMIT A TRACKING y
PULSE TO THE GROUND RADAR. THE INTELLIGENCE IS PLACED ON THE FOURTH AND

FIFTH PULSES IN THE GROUND RADAR BY POSITION MODULATING THESE PULSES AT

AN AUDIO RATE. POSITION MODULATION AT [5 CPS ON THE FOURTH (vaw) ano

FIFTH (PITCH) PULSES WILL CAUSE THE MISSILE TO YAW LEFT AND PITCH DOWN

THE MAXIMUM AMOUNT WHEREAS POSITION MODULATION OF THESE PULSES AT 105 .
CPS,WILL CAUSE THE MISSILE TO YAW RIGHT AND PITCH UP THE MAXJMUM AMOUNT, ’

v PoOstTiON MODULATION AT 90 CPS ON THE FOURTH AND FIiFTH PULSES WILL CAUSE : :
ZERO DEFLECTION ON THE FINS. THE POSITION MODULATION IS DETECTED BY Col
DISCRIMINATORS IN THE T S, AND THE RESULTANT UC VOLTAGES ARE SENT TO THE ‘
CONTROLLER. MISSILE AUTOMATIC GAIN CONTROL (AGC) 1S DETERMINED BY THE |
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AMPLITUDE OF THE FOURTH AND FIFTH PULSES. AT T PLUS 31 SECONDS, THE

CONTROLLER CLOSES A SWITCH WHICH OPERATES ACTUATOR B ~ 2 (GAIN Ur). a

OPERATION OF B-2 INCREASES THE GAIN OF PITCH, YAW, AND ROLL SIGNALS.

{ AT soMe TiME BETWEEN T PLUs 45 aub T pLus 60 seconDs (DEPENDENT UPON THE
SETTING oF DoPPLER TIMER #1 OBTAINED FROM THE FIRING TABLES) THE CONTROLLER
CLOSES A SWITCH WHICH ENERGIZES THE RADIO BEACON FOR A PERIOD OF 15 ’
SECONDS. DURING THIS 15 SECONDS TIME,THE RADJAL VELOCITY OF THE MISSILE
IS MEASURED BY THE GROUND RADiO SET., WHEN THE REQUIRED VELOCITY LS |
ATTAINED, THE GROUND RADIO SET SENDS A SHUTOFF SIGNAL WHICH |S-RECEIVED - ' .
AND RELAYED BY THE RADIO BEACON TO CAUSE PROPELLANT SHUTOFF., SATISFACTORY '

1 CLOSURE OF THE PROPELLANT VALVE CLOSES A SWITCH WHICH OPERATES ACTUATOR

i B-3 (CHANGEOVER). WHEN B=3 IS OPERATED, RADAR PITCH COMMANDS ARE TER~

; MINATED {GROUNDED), AND STABILITY CONTROL IS SWITCHED FROM GYROSCOPES

; TO ACCELEROMETERS, SOME TIME BETWEEN T PLus 96 anp T PLUS 114 seconps

; (DEPENDENT UPON THE SETTING OF DOPPLER TIMER #2 OBTAINED FROM THE FIRING
TABLES) THE CONTROLLER ENERGIZES THE RADIO BEACON AGAIN FOR A PERIOD OF

35 SeconNDS, THE VELOCITY OF THE MISSILE 1S MEASURED AGAIN3AND RANGE

CORRECTION (RC) AND WARHEAD ARMING COMMANDS ARE TRANSMITTED TO THE MISSILE

BY THE GROUND GUIDANCE STATION. AT T pPLus 100 SECONDS THE CONTROLLER *{

CLOSES A SWITCH (CoMMAND UNIT GATE) FOR 35 SECONDS WHICH WILL PERMIT THE LT

RC COMMANDS TO BE RECEIVED BY THE SIGNAL DATA ConVERTER (SDC). THE !

COMMAND UNIT GATE BYPASSES THE COMMAND POTENT|OMETERS ASSOCIATED WITH ‘t

¥

ACTUATOR B~1. AT APPROXIMATELY T PLUS 104 SECONDS, THE CONTROLLER
CLOSES A SWITCH WHICH "ARMS" THE MAGNETIC DISCRIMINATORS IN THE SDC ALLOWING
- THEM TO OPERATE ON THE RC coMMANDS. THE RC COMMAND MUST BE TRANSMITTED TO THE
. MISSILE BETWEEN T PLUS 104 AND T PLUS 132 SECONDS IF THE MISSILE IS TO
! RECEIVE IT, THE RC COMMAND IS MADE UP OF TWO PULSES (PITCH COMMANDS).
THE FIRST PULSE IS ONE SECOND IN DURATION AND DETERMINES THE POLARITY (GO
LONG OR GO SHORT) OF THE COMMAND. THE SECOND PULSE OCCURS ONE SECOND AFTER
THE END OF THE FIRST PULSE AND DETERM{NES THE MAGN|TUDE OF THE RC MANEUVER
g (THIS COMMAND 1S STORED ON THE MEMORY HELIPOT IN THE CONTROLLER TO BE USED
LATER). WHEN THE FIRST PULSE OF THE RC,COMMAND 1S RECEIVED, THE SDC
ACTIVATES A MAGNETIC CLUTCH IN THE CONTROLLER WHICH IN TURN CLOSES A
SWITCH THAT ATARTS TwWo VEEDER RooT COUNTERS ~ MANBUVER START AND AZIMUTH
COMMAND TERMINATION. THESE TIMERS ARE PRESET TO PERFORM CERTAIN FUNCTIONS
AT A CALCULATED TIME (20 SECONDS BEFORE IMPACT FOR MANEUVER START) AFTER
RC COMMAND TRANSMISSION. WHEN THE MANEUVER START TIMER RUNS DOWN, A ,
SWITCH 1S CLOSED AND THE STORED RC COMMAND "IN THE CONTROLLER 15 APPLIED o
TO THE ERROR DETECTOR IN THE SDC. THE RC coMMAND LEAVES THE SDC AND
PASSES BACK THROUGH THE CONTROLLER TO THE ECA AND CAUSES THE RC MANEUVER :
TO BEGIN., WHEN THE AZIMUTH COMMAND TERMINATION T{MER RUNS DOWN (ANY .
PRESET TIME AFTER RC COMMAND TRANSMISSION PLUS 10 SECONDS ~ DEPENDENT
UPON EXPECTED COUNTERMEASURES ACTIVIiTY) A SWITCH 1S CLOSED WHICH RESETS

™Y
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B-1 TO THE PREFLIGHT COND!{TION THEREBY ALLOWING NO RADAR GUIDANCE ‘
A COMMANDS TO PASS THROUGH THE CONTROLLER, ‘
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3. ELECTRONIC DEFENSE LABORATORY'S ELECTRONIC COUNTERMEASURES SYSTEM.
. THE EDL EQUIPMENT BRIEFLY DESCRIBED BELOW IS HQUSED [N TWo SCR-HUN RADAR
VANS, AND, IN FACT, UT'LIZES PORTIONS OF THE 504 RADAR EQUIPMENT, (see
PHOTOS, [NCLOSURE 2¢) |T SHOULD BE EMPHASIZED THAT THIS EQUIPMENT REPRE~- o
SENTS A LABORATORY MODEL ASSEMBLED FOR THE PURPOSE OF TESTING CERTAIN .
. ECM CONCEPTS AND TECHNIQUES., AS SUCH IT SHOULD NOT BE CONSIDERED TO BE o
AN ECM PROTOTYPE SYSTEM SINCE NO ATTEMPT 1S MADE TO ASSURE SATJSFACTORY .
. OPERATION UNDER CONDIT!ONS OTHER THAN THOSE EX!STING DUPING THIS SERIES
OF TESTS.

. -
A. VERTICAL MoTioN DETECTION SuB~SysTeM (VMD), THE EDL sYSTEM i

INTERCEPTS AND RECOGNIZES THE CORPORAL MIsSsSiLE BY MAKING USE OF THE ) 1 4
MOT FON PARAMETER OF THE MISSiLE BEACON (TRANSPONDER SET - TS) SiGNAL. ‘
THIS 1S ACCOMPLISHED BY PERFORMING A FREQUENCY SEARCH IN CONJUNCTION WITH L
A FIXED ANTENNA CONF IGURATION WH{CH ALLOWS THE ELEVATION ANGLE OF ALL

""S1GNALS OCCURRING BETWEEN 1° AND 60 ABOVE THE HORIZON TO BE MEASURED AND
THE RESULTANT MEASURED ANGLE DISPLAYED VERSUS THE FREQUENCY AT WHICH THEY
CCCUR., SUCCESSIVE DISPLAYS PERMIT THE SINGLING OUT OF ANY SIGNAL WHOSE

b ELEVATION ANGLE INCREASES WITH TIME AT A RATE CHARACTERISTIC OF A BALLISTIC’

o MISSILE. PROPER FUNCTIONING OF THE VMD DEPENDS ONLY UPON KNOWING THE

T T ey TR R TR e e T e A
.

P T L

==

u LAUNCHER AZIMUTH TO WITHIN + 30° AND THE TS FREQUENCY To WITHIN 4 200 Mc/s 0
' - (FUTURE SYSTEMS WILL HAVE A GREATER FREQUENCY COVERAGE). THE OUTPUTS OF o
g THIS SYSTEM ARE: i

l +
¥ .
, : (1) RECOGNITION OF THE EXISTENCE OF THE MISSILE.

(2) AN ESTIMATE OF WHEN THE SIGNAL REACHES A PREDETERMINED
ELEVATION ANGLE,

EH

T TRR o eI e

i
i
: (3) THE FREQUENCY BEING INTERCEPTED,
13

| B, PAssIve TRACK SuB~SysTEM (PT). THe EDL SYSTEM ACQUIRES AND
ﬁ TRACKS THE MjSSJLE BY USING PASSIVE TRACKING TECHNIQUES ON THE TS
i RADIATIONS, THIS SUB-SYSTEM 1S ACTIVATED WHEN THE "VMD RECOGNIZED" SIGNAL
OBTAINS THE PREDETERMINED ELEVATION ANGLE. WITH THE PROPER FREQUENCY ALSO
{- BEING TRANSFERRED FROM THE VMD, THE PASSIVE TRACKER SEARCHES RAPIDLY IN

) AZIMUTH UNTIL THE SAME SIGNAL |5 DETECTED AND PASSIVE TRACK IS ESTABLISHED,
DURING THE ACTIVE PHASE, THE RECE|VED SIGNALS ARE ANALYZED TO DETERMINE t
WHEN A CORRELATION EXI1STS BETWEEN THE ACTIVE ECM AND THE RECEIVED SIGNALS. :
THE OUTPUTS OF THIS SYSTEM ARE:

s B $TE i+ atmm LT

TR TR e

(1) CONTINUOUS AZIMUTH AND ELEVATION TO THE MISSILE.

(2) CoNTINUOUS MONITORING OF THE TS PRF. ‘ y

1 {
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(3) 9.1 SECOND PULSE WHEM CORRELATION 1S OBSERVED.

c. AcTive ECM Sus-SvsTeM (PuLSE JAMMER].

(1) THe EDL sYSTEM SUPPLIES AN ACTIVE ECM ENVIRONMENT: THIS
ENVIRONMENT TENDS TO DECEIVE THE MISSILE GUIDANCE SYSTEM BY:

(A% SUPPLYING ERRONEOUS COMMANDS AND

(8) CAUSING THE RESPONSE OF THE MISSKLE TS To BE
ERRATIC TO THE GROUND GUIDANCE RADAR INTERROGATION. /
) L
(2) THE LATTER IN TURN WOULD CAUSE THE COMPUTER TO COMPUTE
ERRONEOUS COMMANDS TO BE SENT TO THE MISSILE. THE EFFECTIVENESS OF THIS
APPROACH WILL INCREASE AS MORE INFORMATION [S OBTAINED CONCERNING:

(A) THE LIMITS WITHIN WHICH ALt CORPORAL GUIDANCE RADAR

TRANSMI 8S10N CODES LIE.

_ (8) THE LIMITS WITHIN WHICH THE ACTUAL COMMAND PULSES
ARE POSITION MODULATED, AND THE MODULATION FREQUENCY.

' (c) THE CHARACTERISTICS OF THE GROUND GUIDANCE RADAR"
AND. COMPUTER SYSTEM,

(3) THis suB~SYSTEM S ALERTED WHEN THE M{SSILE 1S -ACQUIRED
BY THE PASSIVE TRACKER SYSTEM. THE HiGH GAIN TRANSMITTING ANTENNA IS
POSITIONED BY THE PASSIVE TRACKING ANTENNA SYSTEM. THE OUTPUT FREQUENCY
1S CAPABLE OF BEING SWEPT OVER A 200 MC RANGE IN A 5 SECOND PERIOD AND
THE SPACING OF THE INTERROGATION PULSES BEING TRANSMITTED ARE CHANGED
RAPIDLY IN SUCH A WAY THAT ALL P0ossIBLE CORPORAL PULSE CODES ARE TRANS-
MITTED SEVERAL TIMES N A 0.25 SECOND INTERVAL. THE PASS!IVE TRACKER
ANALYSIS EQUIPMENT WOULD, WHEN THE ACTIVE ECM SIGNAL 15 INTERROGATING
THE TS, SeEND A Q.1 SECOND PULSE TO STOP THE FREQUENCY SWEEP AND PULSE
SPACING VARIATION, THEREAFTER, ANOTHER PULSE IS ADDED TO THE TRANS-
MITTER OUTPUT IN SUCH A WAY THAT THE MISSILE TS WILL RECEIVE INTERMITTENT
FULL~LEFT COMMANDS. IN ADDITION, THE PRF OF THE OUTPUT SIGNAL IS
ADJUSTED TO CAUSE THE RESPONSE OF THE MISSILE TS TO THE GUIDANCE RADAR
SILGNAL TO VARY IN AMPLITUDE, THUS INTERFERING WITH THE TRACKING OF THE
GUIDANCE RADAR AND WITH THE COMPUTATION OF TRAJECTORY ERRORS AND CORRECTIVE
COMMANDS.,
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BOARD NUMBER 4 (7104 su)
CONTINENTAL ARMY COMMAND \ . }
FORT BL1SS, TEXAS : w/gAJf

DETAILS OF TEST
1. Missite Firing 11 U-13,

A gggfost. THE PURPOSE OF THI!S TEST WAS TO:

(1) DETERMINE WHETHER OR NOT THE CORPORAL MISSILE COULD BE
"CAPTURED' AND COMMANDED INFLIGHT BY CERTAIN EDL JAMMING EQUIPMENT
OPERATING UNDER OPTIMUM JAMMING CONDITIONS. .

(2) DETERMINE THE EFFECTS OF THIS JAMMING ON THE GROUND
GUIDANCE STATION (GGS).

A}

(3) DETERMINE THE EFFECTS OF THIS JAMMING ON THE MISSILE.

(4) DETERMINE THE EASE WITH WHECH THIS JAMMING MAY BE
ACCOMPLISHED.

(5) PROVIDE A MEANS OF FIELD TESTING EDL UAMMING EQUIPMENT
AND TECHNIQUES. :

B. CONDUCT OF TEST, THIS TEST WAS CONDUCTED UNDER OPT!MUM
JAMMING CONDITIONS IN THAT EDL KNEW THE FOLLOWING!

(1) THE EXACT PULSE RECURRENCE FREQUENCY (PRF) OF THE RADAR
TRANSMITTER. '

12) THE EXACT FREQUENCIES OF THE‘MISSILE AND RADAR SET.,
(3) THE EXACT TIME OF LAUNCHING. |
(4) THe cope usep 1M THE TRANSPONDER SET,
ALL OTHER CONDITIONS MAY BE CONSIDERED AS STANDARD. RANGE SILENCE
WAS MAINTAINED ON THE RADAR AND RADAR IMAGE FREWUENCIES., VOICE COMMUNIGA~

TION WAS MAINTAINED BETWEEN THE EDL si1TE NEAR HADC AND THE ORO GRANDE
CORPORAL F1RING AREA IN THE EVENT EITHER PARTY NEEDED TO "HouD"' THE FIRING,
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C. ResuLTs of TEST. THE FOLLOWING IS A CHRONOLOG!CAL SEQUENCE

BF EVENTS INCLUDING THE ACTiON TAKEM BY EDL AND SUBSEQUENT EFFECTS IN THE
GROUND GUIDANCE STATION AND THE MISSILE,

(1) X-5 MINUTES. THE GROUND RADAR BEGINS TO RADIATE T0
THE MISSILE AND CONTINUES RADIATION UNTIL IMPACT. THE TRANSPONDER SET
(TS) IN THE MISSILE REPLIES TO THE CODED PULSE GROUPS SENT FROM THE

RADAR. EDL {NTERCEPTS RADIATION EMITTED BY THE GROUND RADAR BUT TAKES
NO ACT!IVE ACTION,

(2) T 4 4.7 ecconos,

(A) EDL OZTERMINES THE FREQUENCY OF THE TS USING THE
VMDD, ' ‘ .

() GGS. NoO EFFECTS ARE NOTED,

(c) MissiLE, CONTINUES ALONG NORMAL PROGRAMMED TRAJECTORY.

€3) T 4 5.5 seconps.

(a) EDL. Passive TRACKER (PT) GoEs INTO "AUTOMATIC

TRACK" AND REMAINS {N AUTOMATIC UNTIL IMPACT. PT DATA 1S NOT YET USEABLE.

(8) GGS. NORMAL OPERATION IS NOTED.

(c) MissitE. CONTINUES NORMAL PROGRAMMING,

(%) 71 4 6.3 seconos.

(A) EDL PT LOCKS ON THE FREQUENCY OF THE. TS.

() GGS. No CHANGES FROM NORMAL OPERATION ARE NOTED.

{(¢c) MissiLe. CONTINUES NORMAL PROGRAMMING.

- (5) T 4 20 secowos.

(A) EDL. PT DATA BECOMES SMOOTH,
(8) GGS. NO CHANGES }N NORMAL OPERATION ARE NOTED.
{c) MissitE. CONTINUES NORMAL FLIGHT.

(6) T + 21 seconps.
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(A) EDL. PT ANTENNA NOW TRACKING MISSILE WITHIN ‘
4+ 10 MiLs., DATA SENT TO THE PULSE JAMMER BUT NO ATTEMPT TO JAM 15 MADFE,
(8) GGS. No CHANGES ARE NOTED F.ROM NORMAL OPERATION.

(¢) MissiLE. RESPONDS NORMALLY TO ALL COMMANDS.

(7Y 7T 4+ 38.3 seconps.

i (A EDL. PuLsE JAMMER 1S ENERG!ZED. JAMMING BEGINS
WiTH A "CODE PROBE" OF THREE PULSES AT A PRF oF 2201.,5 PULSE GROUPS PER
SECOND. IMMEDIATE cobE LOCK 1S OBTAINED AND IS INDICATED BY AN INCREASE
IN TRANSPONDER RESPONSE. (SEE INCLOSURE U, CHART 1, GRAPH B1-U,)

{8) GGS. No EFFECT Is NOTED.

(¢) MISSILE. No ABNORMAL EFFECTS OTHER THAN AN |NCREASE
IN TRANSPONDER RESPONSE. ' -

(8) T4 38.35 seconps.

(a) EDL. JAMMING WITH GROUPS OF THREE PULSES CONTINUES.

{B) GGS. RADAR AGC AND AZIMUTH ANGULAR ERROR VOLTAGE
BEGIN TO FLUCTUATE AT APPROXIMATELY 4.1 cPs RATE. THE AUTOMATIC=-AIDED

RELAY IN THE RADAR RANGE TRACKING SYSTEM BEGINS TO CHATTER AT 4.1 CPSs.

ERRONEOUS AZIMUTH COMMANDS ARE GENERATED AS A RESULT OF TH!S TYPE OF

JAMMING (SEE INCLOSURE 4, CHART 1, GRAPH Cl—h, CHART 3, GRAPH C1-6 anD -
INCLOSURE 5, PHoTOS D1-1 AND D1-2).

(c) MissiLeE. No ADDITIONAL EFFECTS ARE NOTED.

(9) T+ 40.2 seconps.

(A) EDL. No CHANGE IN JAMMING TECHNIQUE.
(8) GGS., No CHANGE N RECORDED INDICATIONS.

(c) MissiLE., FINS BEGIN TO RESPOND TO ERRONEOUS
COMMANDS RECEIVED FROM THE GGS.

(10) T 4 41.5 seconos.

(A) EDL RECORDED TRANSPONDER RESPONSE AND CODE PROBE

INDICATIONS BECOME INTERMITTENT (SEE INCLOSURE h, CHART 1, GRAPHS B1-#
AND Al1-1).
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: (8) GGS. NO GHANGES IN RECORDED 1NDICATIONS.
(c) MiSsiLEs. No CHANGE IN RECORDED NDICATIONS.

(11) T + 45.€ seconos,

‘ (A) EDL. JAMMER PRF 1s sHIFTED To 1475 PULSE GROUPS
PER SECOND, AND A FOURTH PULSE 1S ADDED TO THE GROUP. THE FOURTH PULSE
IS POSITION MODULATED AT 72 CPS SO AS TO GIVE THE MISSILE A "eo LEFT"
COMMAND. INTERMITTENT JAMMING AND PROBING CONT!NUES, N
(B) GGS. RADAR AGC BEGINS TO OSCILLATE AT APPROXIMATELY
10,2 cPS. THE AUTOMATIC~AIDED RELAY IN THE RADAR RANGE TRACKING. SYSTEM
BEGINS TO CHATTER AT APPROX!MATELY 10,2 CPS.  AZIMUTH ANGULAR ERROR VOLTAGE
CONTINUES TO BE ERRATIC FRODUCING ERRATIC AND ERRONEOUS AZIMUTH ‘COMMANDS.

(¢) MissitE. RECORDED MISSILE AGC INCREASES APFROXI =
MATELY 3DB INDICATING THAT THE ADDITIONAL JAMMING BULSE IS BEING RECEIVED.

(12) T + 46.15 seconps.

(A) EDL. No CHANGE IN JAMMING TERENIQUES.
| {8) GGS. NO CHANGE IN RECORDED INDICATIONS,
' (c) MissiLE. INDICATION: OF A TRANSIENT APPEARS ON THE
NORTH AND SOUTH (YAW) FINS. ‘

(13) T + 46.6 seconps.

(A) EDL. No CHANGE IN JAMMING TECHNIQUES.
(8) GGS. No CHANGE IN RECORDED INDICATIONS.

{(c) MissiLE. NORTH AND SOUTH FINS MOVE TO HARD GO LEFT
POSITION AND BECOME ERRATIC FOLLOWING NO SET PATTERN.

(14) T 4+ 48.5 seconps.

(A) EDL. JAMMING WITH FOUR PULSE GROUPS' CONTINUES{SEE
INCLOSURE Y, CHART 1, GRAPH Al-1).

(8) ggg. THE AUTOMATIC-AIDED RELAY IN THE RADAR RANGE
TRACKING SYSTEM GOES TO AUTOMATIC AND REMAINS IN AUTOMATIC UNT!L APPROXI -~
MATELY T + 53 SECONDS. THIS INDICATES THAT THE RETURN SIGNAL FROM THE
MISSILE .BECAME STRONGER; HOWEVER, CHANGES IN 150 SINE BETA BECOME MORE
ERRATIC CAUSING MORE ERRATIC (POSSIBLY ERRONEOUS) ELEVATION COMMANDS TO
BE GENERATED (See INcLosURE U, CHART 4, Grapr CI-7).-
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(c) MissiLE., No CHANGE IN RECORDED INRICATIONS IS
(15) T+ 52 seconcs.

NOTED, .

(A) ELL INTERMITTENT PROBE AND JAM CONTINUES.

(s) Ges.
SLEWING IN ELEVATION. AZIMUTH ERROR VOLTAGE MEASURED BY THE GROUND
STATION {5 NEAR ZERO (DOVAP DATA SHOWS THE MISSILE ‘TO BE 20 METERS TO
THE LEFT OF THE TARGET LINE). A DECREASE IN RECEIVED SIGNAL STRENGTH 1S
NOTED PROBABLY CAUSED EITHER BY OPERATOR CONFUSION IN TRYING TO MA{NTAIN
THE TARGET OR BY A POOR RETLRN SIGNAL AS A RESULT OF JAMMING,

{c) MissiLe. FINS CONTINUE 7O BE ERRATIC AND RESPOND
PREDOMINANTLY TO GO LEFT [SEE INCLOSURE 4, CHART 3, GRAPHS Bi-6 anp Bl-7).
TRANSPONDER RESPONSE LEVELS OFF AT APPROXIMATELY 1100 puLSES PER SECOND.

(16) T + 62.8 seconos.

(a) EDL. "INTERMITTENT PROBING AND JAMMING CONTINUES
wer MORE JAM TIME AS OPPOSED TO PROBING TIME. TRANSPONDER RESPONSE
REMAINS STEADY AT APPROXIMATELY 620 PULSES PER SECOND WITH OCCAS!ONAL
DROPS TO APPROXIMATELY 200 PULSES PER SECOND. PT RECEIVER AGC GooD AND
sTEADY (IncLosure 4, CHART 1, GRAPH B1-l; CHART 5, GRAPH Al1-2).

(B) GGS. AZIMUTH ERROR VOLTAGE JNDICATES THE MISSILE
APPROXIMATELY 30 MiLS (M) TO THE LEFT OF THE TARGET LINE (DOVAP DATA

PLACES THE MISSILE 299 METERS TO THE LEFT OR APPROXIMATELY 12,7 H).

RADAR WAS SWITCHED FROM "AUToMATIC" To “REMOTE" AT T 4 58.62 scconps As
CONSIDERABLE DIFFICULTY WAS ENCOUNTERED TRY|NG TO TRACK THE RETURN PULSE.
THIS SWITCHING TO TRACKER CONTROL CAUSED SATURATED GO RIGHT COMMANDS TO
BE GENERATED. RADAR AGC 1S VERY POOR (SEE INCLOSURE 4, CHART 1,

GRAPH
Cl-4; CHART 3, GRAPH Cl-6; CHART 5, GRAPH C1-5).

(c) MissiLE. YAW FINS OSCILLATING VIOLENTLY AT A

RANDOM RATE IN RESPONSE TO COMMANDS OF OFPOSITE POLARITY FROM TWO SEPARATE

SOURCES.

(17) T 4+ 72 seconps. : o

, (a) EDL. NO CHANGE IN JAMMING TECHNIQUES OR RECORDED
INDICATIONS.

(8) GGS. RADAR IS IN REMOTE AND AGC 1s VERY poor (SeE
INCLOSURE 4, CHART 5, GRAPH Ci-5 AND INcLosure 5, PHOTos DI-3 anD DI=1).

(c) MissiLE. DURING PERIODS OF JAMMING, THE YAW FINS
ASSUME A HARD GO LEFT POSJTION WHEREAS DURING PERIODS OF PROBING THE FINS
OSCILLATE VIOLENTLY (ALMOST FROM STOP TO STOP) AT APPROXIMATELY 5 cPS.

SECRET

INDICATIONS ARE PRESENT OF THE RADAR ANTENNA

1/

o

=

- s Ao

Zii. ke ATEL e Sl

At o T R R




L Erms—

S i SRS a2 L aaul ol o ]

Ea e S

s aaad

- v x

et et -

R SV

B B I R i e s = t,‘
‘

,‘R e ammrmm om ke S R S e SRS R W

. OSECRET

(18) T + 78.6 seconps.

. ) . . 40 oot #u
(A) EDL. TRANSPONDER RESPONSE BECOMES HIGHER (APPROX!=
, MATELY 1100 PULSES PER SECOND), AND MORE JAMMING TIME THAN PROBING TIME
: IS NOTED. AVERAGE REGEIVED SIGNAL STRENGTH (AGC INDICATION) 1S VERY GOOD
" (See INcLoSURE U, CHART 1, GrAPHS B1-lU anp A1-1; CHART 5, GRAPH A1-2).
(B) GGS. AZIMUTH ERROR VOLTAGE INDICATES THAT THE
MISSILE 1S APPROXIMATELY 3U4.U W To THE LEFT OF THE TARGET LINE (DOVAP DATA :
PLACES THE MISSILE APPROXIMATELY 23.9 ﬁ LEFT). , o _ _ L s

(c) MissiLE. YAW FINs PREDOMINANTLY ASSUME A GO LEFT
POSITION, : ‘

(}9) T4 104.5 SECONDS. _ . ' | _» . !\

(A) EDL. JAMMING 1S CONSTANT WITH NO PROBING SIGNALS
BEING SENT. GOOD RETURN SIGNAL LEVEL AND HIGH TRANSPONDER RESPONSE IS ‘
INDICATED (SEE INCLOSURE 4, CHART 1, GRAPHS Al-~1 aND B1-l4; CHART 5, ‘ .
GRAPHS Al-2). . : o

(s) GGS. RADAR ts sTiLL IN "REMOTE," BUT A POOR TN
RETURN PULSE IS BEING RECEIVED, AZIMUTH COMMANDS REMAIN SATURATED TO a
.60 RIGHT (SEE INCLOSURE ¥, CHART 3, GrRAPH CI1-6),

e

(¢) MiSSILE. PREDOMINATE HARD GO LEFT COMMANDS BEING RE~ @
! CEIVED., SIGNAL DATA CONVERTER IS TRIGGERED BY A SIGNAL RECEIVED IN THE 3
' PITCH CHANNEL (SEE INCLOSURE 4, CHART 2, GRAPH B1-1). THIS SIGNAL WAS ’

" NOT TRANSMITTED BY THE GROUND GU!DANCE STATION.

(20) T 4 107.5 sEcoNnps. | :

‘ (A) EDL. No CHANGE IN JAMMING TECHNIQUE OR RECORDED
INDICATIONS. .

MISSILE IS APPROXIMATELY 30.2 A TO THE LEFT OF THE TARGET LINE (DOVAP

!

!

i

{s) GGS. AzZIMUTH ERROR VOLTAGE NOW INDICATES THAT THE 4
“

DATA PLACES THE MISSILE APPROXIMATELY 37.1 Ji LEFT OF THE TARGET LINE). 1

{(c) MissiLE. RESPONDS TO HARD GO LEFT COMMANDS (see ; f
INcLosure 4, CHART 3, GRAPH B1-6). SO

(21) T 4 114.54 seconos. '

(A) EDL. NO CHANGE IN JAMMING TECHNIQUE (SEE INCLOSBRE p
4, CHART 1, GRAPHS A1-17AND B1-U; CHART 5, GRapH A1-2). o
b ,

6 i

SECRET

|

¥

er—

R . ~ T g = 2 -~ - — R Y Y -
T BRI Ao sl A o e e A e JENEOU—




— -

B

B e = T anr i Y

B S

——— my— e g

o\ ——

' St
.—Q&-& — - — - - . N
- S — - - e v 2
- e, T GETR SR & ST TR TR MR TR R T T RISl g
. - e ~ - v » .
q 7y - 4
‘ \
) P o hen
]

; - SECRET

i ,
(8) GGS. XM-3 TRACKER LOSES THE TARGET, AND THE ON
TARGET L1GHT GoES OFF (5EE IncLosure 4, CHART 2, GrAPH C1-3),

(c) MiSSILE. YAW FINS REMAIN AT HARD GO LEFT POSITION.

(22) T 4+ 115.12 seconps.

(a) EDL. No cHANGE.

(8) GGS. RADAR 1S swiTCHED FROM "REMOTE™ To "AutomaTic." |
AZIMUTH ‘COMMANDS CHANGE FROM SATURATED GO RIGHT TO SATURATED GO LEFT, . i
RADAR HAS ESSENTIALLY NO RETURN S1GNAL TO TRACK (SEE INcLOSURE Y, CHART 2, |
GRAPH C1-3; CHART 3, GRAPH C1-6; CHART 5, GRAPH C1-5).

(c) MissiLe. "NO CHANGE IS NOTED IN YAW FIN POSITIONS.
AGC BEGINS TO RISE (SEE INCLOSURE U4, CHART 5, GRAPH B1-5H). ~

"(23) T 4 120.1 seconps. ' S -

(A) EDL. BORESIGHT CAMERA RECORD REVEALS THAT THE PT S
IS TRACKING THE MISSILE WITHIN 4 2 MILs,

() GGS. RADAR is swiTCHED FrRoM “AuToMaTIc" To “REMOTE™ B
{XM-3 TRACKER 1S NOT ON TARGET) AND AZIMUTH COMMANDS CHANGE FROM SATURATED
GO LEFT TO SATURATED GO RIGHT .3 SECONDS LATER. AZIMUTH COMMANDS REMAIN
SATURATED GO RIGHT FOR THE REMAINDER OF THE FLIGHT (SEE INCLOSURE h, CHART
2, GrAPH C1-3; CHART 3, GrRAPH C1-0),

(c) MiSsSILE. YAW FIN RESPONSE BEGINS TO FORM A SYSTEMATI.
PATTERN OF HARD GO LEFT DEFLECTION FOR A PERIOD OF APPROXIMATELY FIVE SECONDS
FOLLCWED BY AN APPROXIMATE ONE AND ONE~HALF SECOND PERIOD OF OSCILLATIONS
AROUND ZERO DEGREES DEFLECTION. THIS PATTERN CONTINUES UNTIL APPROXIMATELY
T+ 170.5 seconps. AGC BECOMES STEADY AFTER INCREASING APPROXIMATELY 3
08 (SEE INCLOSURE 4, CHART 3, GRAPHS B1-6 anD B1-7; CHART 5, GRAPH B1-5).

(24) T + 122.7 seconos. 1

(A) EDL. TRANSPONDER RESPONSE CHANGES FROM 1100 PULSES )
PER SECOND TO APPROXIMATELY {31 (PRF OF RADAR) PULSES PER SECOND. PT

RECEIVER AGC BEGINS TO DECREASE (SEE [NCLOSURE 4, CHART 1, GRAPH B1-4; -
CHART 5, GRAPH A1-2).

A Kt

() GGS. RADAR REMAINS IN "REMOTE" BEING CONTROLLED
BY THE XM~3 TRACKER WHICH IS NOT ON TARGET. AZIMUTH COMMANDS REMAIN ;
SATURATED GO RIGHT. :

;
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(c) MissiLE. No CHANGES IN RECORDED INDiCATIONS.

(25) T 4 130.8 seconos.

(A) EDL. TRANSPONDER RESPONSE 1S STEADY AT APPROXI -
MATELY 1100 PULSES PER SECOND. PT RECEIVER AGC sTILL DECREASING. No
CHANGE IN JAMMING TECHNIQUE 1S MADE.

(8) GGS. RADAR IS sWiTCHED FROM "REMOTE" To "MANUAL" -
AND REPORTS "TARGET LOST) AZIMUTH COMMANDS REMAIN SATURATED GO RIGHT., (SEE
IncLosURE 4, CHART 2, GrAPH C1-3; CHART 1, GRAPH C1~ﬁ).,

(¢) MissiLe. No CHANGES IN RECORDED INDICATIONS ARE
NOTED, .

(26) T 4 146.7 seconps.

{a) EDL. PT RECEIVER AGC 1S VERY LOW., TRANSPONDER
RESPONSE ‘1S APPROXIMATEY GO0 PULSES PER SECOND (SEE INCLOSURE 4, CHART 5,
GRAPH A1-2; CHART 1, GRAPH B1-lt),

{8) GGS. OFF TARGET.

{(c) MissiLe. No CHANGE IN KECORDED INDJCATION. CONTINUES
TO FOLLOW PATTERN DESCRIBED AT T 4 120.1 seconDs. ‘

(27) T+ 148.3 secowos.

{(A) EDL. ReTURN sI1GNAL LEVEL (AGC) HIGHER AND STEADY
PROBABLY DUE TO RETUNING THE LOCAL OSCILLATOR IN THE PT RECEIVER (SEE
INCLOSURE Y, CHART 5, GrAPH A1-2).

(8) GGS. ‘OFF TARGET.

(e} MissiLe. No CHANGE.

(28) T + 163.5 SECONDS,

(a) EDL. ReTURN siGNAL LEVEL (AGC) BEGINS TO DECREASE
SLOWLY. TRANSPONDER RESPONSE CHANGES FRoM 1100 pps To 731 pPs. (St&
INCLOSURE ¥, CHART 5, GRAPH A1-2; CHART 1, GRAPH B1-4,)

(s) GGS. OFF TARGET.

{c) MissiLe. No cHANGE.
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{29) T4 170.5 seconps.

(A) EDL., No CHANGE IN RECORDED INDICATIONS. . ‘ .
(s) GGS. OFF TARGET. , .
(c) MisSILE. YAW FINS BEGIN TO FLUCTUATE INTERMITTENTLY

WITH THE PERIOD BETWEEN FLUCTUATIONS DECREASING (SEE INCLOSURE 4, CHART 3,
GRAPHS B1-6 anp B1-7),

(30) T 4 206.5 seconDs.
(&)

ARE SENT BY THE JAMMER.-
1200 PPs TO APPROXIMATELY 100 pPs (SEE INCLOSURE
CHART 1, GRAPHS Al-1 AnD B1-4),

EDL. PT ReceivE# AGC 1S ERRATIC, PROBING SIGNALS
TRANSPONDER RESPONSE CHANGES FROM APPROXIMATELY'
4, CHART 5, GRAPH Al-2;

(8) GGS. OFF TARGET. (.
(c) MissiLE. ALL FINS APPEAR TO BE COMPENSATING FOR
ROLL.,
(31) T 4 209.0 seconos.
(A) EDL. JAMMING SIGNALS SENT BY JAMMER., TRANSPONDER
RESPONSE CHANGES FROM 100 pps To APPROXIMATELY 1200 pps. PT RECEIVER
AGC very Low (SEE INCLOSURE 4, CHART 1, GRAPHS A1-1 anp B1-4; CHART 5,

GRAPHS A1-2).
(8) GGS. OFF TARGET. : .

(¢) Missite., AGC vERY Low (MORE THAN -30 DeM). ALL
FINS SETTLE OUT WITH SMALL 0SGC!LLAT|ONS BETWEEN ZERO AND 2 DEGREES
DEFLECTION.

(32) T 4 215.11 seconps. MissiLE 1MPACT TO10 METERS LEFT;

7287 METERS OVER.

D. ANALYSIS OF RESULTS. REFERENCE TO PARAGRAPH 1C, TH!S INCLO=-
SURE, THE FOLLOWING ANALYS!S IS PRESENTED. TO FACILITATE RAPID CORRELATION
BETWEEN EVENTS, REFERENCE WILL BE MADE To T 4 TIMES,

(1) T+ 38.35 secownos.

(A) THE FLUCTUATION OF GROUND RADAR AGC, AZIMUTH ANGULAR
ERROR SIGNAL, AND ERRATIC OPERATION OF THE AUTO AIDED RELAY IS CAUSED BY

SECRET
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THE INABILITY OF THE GROUND RADAR TO RECEIVE THE M}SSILE .TRHANSPONDER PULSE
FOR APPRECIABLE PERIODS OF TIME. RECURRENCE RATE OF THESE PERIODS 1§
asout FIve (5) cPS. FACTORS CONTRIBUTEING TO THIS CONDITION ARE:

-

TRANSPONDER PULSE WIDTH. -

2. TRANSPONDER RECOVERY TIME,
3. RATE AT WHICH THE TRANSPONDER 1S BEING
INTERROGATED, ’
2
Y. PuLSE RECURRENCE FREQUENCY OF THE GROUND RADAR.

5. WIDTH OF NARROW GATE WHICH GATES THE INPUT

CIRCUITRY OF THE GROUND RADAR AUTOMATIC ELEVATION TRACKING UNIT,

(8) THE TRANSPONDER PULSE WID¥H (TRANSMISSION TIME)
AND RECOVERY TIME ARE SUCH THAT WHEN THE TRANSPONDER 1S INTERROGATED {T
WILL TRANSMIT FOR A PERIOD OF 1.6 MICRO SECONDS AND CANNOT BE INTERROGATED
AGAIN FOR APPROXIMATELY 400 MiICRO SECONDS. THE RATE AT WHICH THE TRANS~
PONDER |S INTERROGATED IS A FUNCTION OF GROUND RADAR PULSE RECURRENCE
FREQUENCY (APPROXIMATELY 731 cPS) AND EDL UAMMER PULSE RECURRENCE FREQUENCY
(APPROX IMATELY 2201 cps). JAMMER PRF 15 THREE (3) TIMES THAT OF THE
GROUND RADAR, PLUS APPROXIMATELY 5 cP5. THE TRANSPONDER IS INTERROGATED
AT A FREQUENCY LOWER THAN THAT OF THE JAMMER PRF DUE 70 DESIGN CHARACTER~
ISTICS OF THE TRANSPONDER. A CONDITION WILL EX1ST PERIODICALLY WHEN.THE
TRANSPONDER 15 INTERROGATED BY THE JAMMER AND TWO OR THREE HUNDRED MiCRO
SECONDS LATER IT IS INTERROGATED BY THE GROUND RADAR. A DELAY LINE IN
THE TRANSPONDER WHICH MUST BE ALLOWED TO CHANGE FOR APPROXIMATELY 400
MICRO SECONDS HAS NOT CHARGED SUFFICIENTLY TO PRODUCE A TRANSPONDER
OUTPUT AS A RESULT OF THIS SECOND (NTERROGATION. (NOTE BASE LINING IN
PHOTOS D1-2, NRS 2 AND 3, INCLOSURE 5.) THE DELAY LINE BEGINS ANOTHER
CHARGE CYCLE AND TWO OR THREE HUNDRED MICRO SECONDS LATER THE JAMMER AGAIN
INTERROGATES THE TRANSPONDER (PER1OD OF JAMMER PRF 1S APPROXIMATELY h50
U SECONDS). AGAIN, THE DELAY LINE HAS NOT CHARGED SUFFICIENTLY TO PROw-
DUCE A TRANSPONDER OUTPUT. THE NEXT TWO JAMMER PULSES WILL INTERROGATE
THE TRANSPONDER AND A TRANSPONDER OUTPUT WILL RESULT. HOWEVER, APPROX! -
MATELY 200 MICRO SECONDS AFTER THE SECOND OF THESE TWO PULSES THE CORPORAL
GROUND RADAR INTERROGATES THE TRANSPONDER AND THE SEQUENCE STARTS OVER
AGAIN. IF THE JAMMER PRF WERE EXACTLY THREE TIMES THE GROUND RADAR PRF,
THE SEQUENCE DESCRIBED ABOVE WOULD CONTINUE INDEFINITELY. UNDER THIS
COND|TION THE GROUND RADAR WOULD NEVER RECE!VE A TRANSPONDER PULSE,
AND THE EDL PASSIVE TRACK RECEIVER WOULD RECEIVE TRANSPONDER PULSES AT
A FREQUENCY EQUAL TO 2/3 THE JAMMER PRF, THE SEQUENCE IS SLOWLY CHANGING
HOWEVER, SINCE THE JAMMER PRF 1S EQUAL TO THREE TIMES THE GROUND RADAR
PRF PLUS APPROXIMATELY 5 cPS. AFTER ABOUT 1/# SECOND THE TIME RELATION-
SHIP BETWEEN THE JAMMER PRF AND THE GROUND RADAR PRF WILL HAVE CHANGED
ENOUGH (MOO U SECONDS) TO ALLOW INTERROGATION OF THE TRANSPONDER BY THE
GROUND RADAR BEFORE THE NEXT JAMMER INTERROGATION (450 U SECONDS).
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(c) THE INPUT CIRCUITRY TO THE AZIMUTH Mﬂo ELEVATION

TRACKING SYSTEM IS GATED TO INSURE THAT ONLY THOSE TRANSPONDER PULSES

CAUSED BY GROUND RADAR INTERROGATION WiILL ENTER THE AZIMUTH AND ELEVATION

TRACKING SYSTEM (REFERENCE PARAGRAPH 1A, INCLOSURE 1, RADAR SET AN/NPQ—ZB),

THIS GATE 1S OPEN BETWEEN APPROXIMATELY 5 MICRO SECONDS BEFORE THE

EXPECTED TRANSPONDER RETURN PULSE AND 5 MICRO SECONDS AFTER EXPECTED

TRANSPONDER RETURN PULSE. [N THE EVENT A TRANSPONDER PULSE CAUSED BY

JAMMER INTERROGATION ARRIVES AT THE INPUT OF THE AZIMUTH AND ELEVATION

TRACKING UNIT AFTER THE GATE HAS OPENED UP AND BEFORE THE EXPECTED RETURN

PULSE, SLANT RANGE MEASUREMENT [§ AFFECTED, RANGE MEASUREMENT IS8 A FUNCTION

oF TiME (SEE PHOTOS D |l=1, INCLOSURE 5), AND AZIMUTH AND ELEVATION DATA .

IS AFFECTED BECAUSE THE RADAR ANTENNA BEAM MAY BE DISPLACED FROM THE

MISSILE (DUE TO CONICAL SCAN ROTATION) BY AS MUCH AS 1 fi." THESE ERRORS

ARE SMALL HOWEVER, IN COMPARISON TO THE ERRORS CAUSED BY LOSS, AT THE

GROUND RADAR, OF TRANSPONDER SIGNALS FOR RELATIVELY LONG PERIODS OF

TIME, DURING THESE PERIODS NO ERROR SIGNAL 1S PRESENT IN THE TRACKING

SYSTEM AND ERROR MEASUREMENT VOLTAGE GOES TO ZERO. AS A RESULT AZIMUTH

ANGULAR ERROR (@), ELEVATION ERROR, ELEVATION COMMANDS, AND AZIMUTH

COMMANDS INCREASE ANDDECREASE SINUSOIDALLY AT APPROXIMATELY 4 cps.

(o) ErRonEOUS COMMANDS DEVELOPED AS DESCRIBED ABOVE
ARE TRANSMITTED TO AND ACTED UPON BY THE MISSILE.

(2) T 4+ U45.8 seconps. CHANGING JAMMER PRF FROM APPROXI -
MATELY 2200 ¢PS TO APPROXIMATELY 1475 CPS CAUSED THE SAME RESULTS AS
D} SCUSSED ABOVE EXCEPT THAT THE FREQUENCY OF OSCILLATION IN RADAR AGC,
AUTO~AIDED RELAY AND AZIMUTH ANGULAR ERROR 1S NOW APPROXIMATELY 10 CPs(ﬂﬁ5 cPs
EQUALS TWICE RADAR PRF PLUS APPROXIMATELY 10 CPS)., ADDITION OF A FOURTH ;
PULSE TO THE JAMMER PULSE GROUP AT THIS TIME GIVES THE JAMMER THE ABILITY
TO COMMAND THE MISSILE IN YAW (SEE PARAGRAPH 2, INCLOSURE 1 CORPORAL
MiSSILE INTERNAL GUIDANCE SYSTEM). THE "Go LEFT" COMMANDS SENT TO THE
MISSILE BY THE JAMMER OVERRIDE ANY COMMANDS THE GROUND RADAR MIGHT DEVELOP
TO CORRECT THIS CONDITION BECAUSE THE TRANSPONDER 1S INTERROGATED BY THE
JAMMER AT A MUCH GREATER RATE THAN BY THE GROUND RADAR {SEE DISCUSSION

unper T 4 38.35 seconos).

(3) T+ U6.6 scconps. NORTH AND SOUTH FINS MOVE TO HARD
GO LEFT POSITION BECAUSE OF JAMMER COMMANDS AND ARE SOMEWHAT ERRATIC
SINCE GROUND RADAR COMMANDS TRY TO CORRECT THIS CONDITION FOR RELATIVELY

SHORT PERIODS OF TIME, .

(4) T + 48.5 seconps. THE STRONGER SIGNALS RECEIVED BY THE
GROUND RADAR MAKE TRACKING LESS DIFFICULT, HOWEVER, THE RECEIVED SIGNAL
IS NOT AT THE EXPECTED TIME AND ERRORS ARE CAUSED BY DISPLACEMENT OF THE
RADAR ANTENNA BEAM FROM THE MISSILE DUE TO CONICAL SCAN (SEE DIscussioN

unper T + 38.35 seconos).
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- (5) T+ 104.5 seconps, THE RANGE CORRECTION POLARITY PULSE
RECEIVED BY THE MISSILE |S BELIEVED TO HAVE BEEN CAUSED BY THE 5TH GROUND
RADAR PULSE BEING IN COINCIDENCE WiTH THE FOURTH JAMMER PULSE. THE FOURTH
JAMMER PULSE WAS MODULATED AT (2 CPS YAW COMMAND CAUSING A POSITIVE
POLARITY PULSE., THIS POLARITY PULSE STARTED THE TIMERS WHICH TERMINATE
AZIMUTH COMMAND AND CAUSE RANGE CORRECTION MANEUVER START.

_(6) T 4 130.8 SECONDS. OSWITCHING THE GROUND RADAR TO
"MANUAL' CAUSED ERRONEOWS COMMANDS TO BE SENT TO THE MISSILE. ORDINARILY
THE PRF WOULD HAVE BEEN DROPPED OUT PRIOR TO THIS, PREVENTING THE M|SSILE .
FROM RECEIVING THESE COMMANDS, HOWEVER, UNDER CONDITIONS OF JAMMING SUICH
AS EXISTED AT THIS TIME, TH: FAIL SAFE RELAY IN THE M|SSILE IS BEING KEPT
OPEN BY THE JAMMER AND SWITCH/NG GROUND RADAR TO PRF DROPOUT WOULD NOT
PREVENT GROUND RADAR COMMANDS FROM BEING RECEJVED BY THE M|SSIiLE,

2. MissSILE FIRING |1 U1k,

A. PuURPOSE, THE PURPOSE OF THIS TEST WAS TO:

(1) DETERMINZI WHETHER OR NOT THE CORPORAL MissiLE couLd BE
"CAPTURED" AND COMMANDED IN FLIGHT BY CERTAIN EDL JAMMING EQUIPMENT OPERATING
UNDER NEAR SIMULATED COMBAT CONDIT!ONS,

(2) DETERMINE THE EFFECTS OF THIS JAMMING ON THE GROUND
GUIDANCE sTATION (GGS). .

~(3) DETERMINE THE EFFECTS OF THIS JAMMING ON THE MISSILE.

(4) DETERMINE THE EASE WITH WHICH THIS JAMMING MAY BE
ACCOMPL | SHED,

(5) PROVIDE A MEANS OF FIELD TESTING CERTAIN EDL EQUIPMENT
AND JAMMING TECHNIQUES.

B. ConpucT of TEST.

(1) THiIs TEST WAS CONDUCTED UNDER NORMAL CONDITIONS IN AS
MUCH AS THE INFORMATION KNOWN BY EDL WAS LIMITED. EDL WAS AWARE'THAT A
CORPORAL MISSILE WOULD BE FIRED FROM APPROXIMATELY THE SAME AREA AS ||
U-13 SOMET IME AFTER 1800 HourRs. EDL WAS NOT GIVEN THE FOLLOWING
INFORMAT i ON¢

(A) PuLse REcURRENCE FREQUENCY (PRF) WHICH WAS CHANGED.
70 853 PULSE GROUPS PER SECOND FOR THIS FLIGHT.
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(8) THE FREQUENCIES OF ALL RADIATING ELEMENTS, THESE
WERE NOT CHANGED FROM THE FIRING oF [] U-13.

(¢) THE LAUNGHING TIME.
(o) THE cope USED IN THE TRANSPONDER SET,

(2) VoIcE cOMMUNICATION WAS MAINTAINED BETWEEN THE EDL
SUPERVISOR AT HADC AND T 30 .GRANDE CORPORAL FIRING AREA (N THE EVENT ‘
AN EQUIPMENT BREAKDOWN OR C/NGELLATION OF FIRING OCCURRED, RANGE SILENGE
WAS MAINTAINED ON THE RADAR AND RADAR IMAGE FREQUENCIES. '

c. REsSuULTS oF TE?T. THE FOLLOWING 1S A CHRONOLOG!CAL SEQUENCE

OF EVENTS INCLUDING THE ACTiON TAKEN BY EDL AND SUBSEQUENT EFFECTS ON
THE GROUND GUIDANCE STATION AND THE MISSILE,

(1) X-I Minu~Es, THE GROUND RADAR BEGINS TO RADIATE TO
THE MISSILE AND CONTINUES 45:ATION UNTIL IMPACT. THE TRANSPONDER SET

IN THE MISSILE RECEIVES TH. CODED PULSE GROUPS AND TRANSMITS A TRACKING
PULSE TO THE RADAR. EDL !NWTEZRCEPTS THE RADIATION EMITTED BY THE RADAR,

BUT DOES NOT TAKE ACTIVE COUNTERMEASURES.

(2) T 4 0 stconps. TAILBREAK.

e ot o st g et

(3) T 45 srcomns..

(A) EDL. RECEIVES FIRST INDICATION OF MISSILE SiGNAL
INTERCEPT USING AUTOMATIC FREQUENCY DETECT]ON.

() GGS. No EFFECTS ARE NOTED.
(c) MissiLE. BEGINS TO PROGRAM NORMALLY,

(4). T 4 5.8 seconps.

(A) EDL. PT OUTPUT POSITIONING DATA IS BAD. TRANSPONDER
RESPONSE INDICATES PT RECEIVER 1S RECEIVING APPROXIMATELY OO PULSES PER
SECOND MODULATED AT 26 cPs. AGC 1s ERRATIC {SEE INCLOSURE 4, CHART 6
GRAPH B11-Y; CHART 10, GrRaPH A11-2).

s

(s) €GS. No EFFECTS ARE NOTED.

(c) MissiLE. CONTINUES TO PROGRAM NORMALLY.,

(5) T 4 21.0 seconps.
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(A) EDL. NoO CHANGE IN RECORDED INDiCAT!ONS. °

(8) GGS. RADAR BEGINS TO TRANMIT COMMANDS TO THE MIS=

—arv——

siLe {See IncLosure 4, CHArRT 8, GrRAPH Cl1-6; CHART 9, GrAPH Cl[-T). i
(c) Missite, "CoMMANDS IN" ACTUATOR B-1, IN THE
CONTROLLER FAILS TO OPERATE PREVENTING RADAR {AND JAMMING) COMMANDS FROM

PASSING THROUGH THE CONTROLLER TO THE FINS (SEE INCLOSURE Y%, CHART 7,
GRAPH B 11-1). o

(6) T + 34.5 seconos.

(A) EDL. PT ouTPUT POSITIONING DATA IS GOOD AND 1S SENT
TO THE PULSE JAMMER. PT RECEIVED S1GNAL LEVEL (AGC) VERY WEAK BUT STEADY
AND USEABLE (SEE INCLOSURE Y, CHART 10, GrRAPH A11-2).

(B) GGS. NO EFFECTS ARE INDICATED,

(¢) MissiLE. CONTINUES TO FOLLOW AN UNGUIDED TRAJECTORY,

(7) T 4 38.3 seconps.

(A) EDL. THE PULSE JAMMER |S ENERGIZED; AND PROBING IN
BOTH FREQUENCY AND CODE BEGINS., CODE PROBE CONSISTS OF A GROUP OF THREE
PULSES AT A PRF oF 2192 PULSE GROUPS PER SECOND.

(B) GGS. No EFFECTS ARE INDICATED.
(c) MissiLE. No CHANGE.
(8) T + Yo seconps.
(A) EDL. FIRST INDICATION OF CODE LOCK IS PRESENT.

RECORDINGS INDICATE INTERMITTENT CODE PROBE AND LOCK (SEE INcLoSURE U,
CHART 6, GRAPH A11-1),

(8) GGS. No EFFECTS ARE INDICATED,
(c) MissiLe. No CHANGE.

(9) T+ 41.5 seconos.

(A) EDL. No CHANGE IN RECORDED INDICATIONS.

(B) GGS. FIRST INDICATION OF JAMMING 1S NOTED. AZIMUTH
ANGULAR ERROR BECOMES MORE ERRATIC CAUSING AZIMUTH COMMANDS TO BE ERRATIC
(see IncLosure ¥, CHarT 8, GrAPH Cl1-6; INcLOSURE 5, PHotos Dil-1).
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(c) MissiLe, DOES NOT RESPOND TO GUIDANCE COMMANDS
BUT CONTINUES ALONG AN UNGUIDED TRAJECTORY," '

(10) T+ 44,3 seconps.

(a) EDL. INCREASE IN PT RECEIVER AGC I8 NoTED. (SEE
INCLOSURE ¥, CHART 10, GRAPH All-2).

) <
(8) GGS. No CHANGE IN RECORDED INDICATIONS, -
(c) MissiLE. No CHANGE,

(11) T + 49.8 seconos.

(A) EDL. SUDDEN INCREASE IN TRANSPONDER RESPONSE 1S
PRESENT (SEE INCLOSURE I, CHART 6, GRAPH Bll-h), ALSO CODE BOCK 1S MAIN=-
TAINED DURING THIS PERIOD OF TIME,

(B) GGGS. AzZIMUTH ANGULAR ERROR AND AZIMUTH COMMANDS
BECOME MORE ERRATIC.

(c) MissiLe. NO CHANGE.

(12) T 4 59.92 seconps.

: (A) ‘EDL. SUDDEN SHORT INCREASE IN TRANSPONDER RESPONSE
15 PRESENT (SEE INCLOSURE %, CHART 6, GRaPH BII-Y4).

(B) GGS. NO APPRECIABLE CHANGE IN AZIMUTH ANGULAR ERROR"
VOLTAGE IS PRESENT. AZIMUTH COMMANDS ARE SATURATED "o LEFT",

(c) MissiLe. No cHANGE.

(13) T + 60.21. sEconps.

(A) EDL. TRANSPONDER RESPONSE RETURNS TO APPROXIMATELY
900 puLses PeEr second (SEE IncLosurRe U, CHART 6, GrapH BII-4),

() GGS. AZIMUTH COMMANDS ARE SLIGHTLY MORE ERRATIC,
HOWEVER ARE ESSENTIALLY SATURATED "o LEFT" (SEe IncLosure ¥, CHart 8
GrAPH Cl1=6).

3

(c) MissiLE. VERY SMALL YAW FiN MOVEMENT IS DETECTED.
THE MOVEMENT IS TO THE LEFT AND 1S COKNCIDENT WITH COMMANDS FROM THE
GGS.
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B =
-
-

‘: (1%) 7.4 85,0 seconos., : e ) 0

(A) EDL. [INTERMITTENT PROBE AND LOCK CONTINUES. MANUAL
FREQUENCY TUNING IS BEING EMPLOYED, PT RECEIVED SIGNAL LEVEL |S STEADY.,
TRANSPONDER RESPONSE REMAINS STEADY (SEE INELOSURE h, CHART 6,‘GRAPHS All-t
AND BI1-U; CHART 10, GrAPH All-2), A : .

} (B) GGS. VERY SMALL CHANGES ARE INDICATED IN THE
: AZIMUTH ANGULAR ERROR VOLTAGE, BUT AZIMUTH COMMANDS REMAIN SATURATED
"go LEFT" {SEE INcLosSURE Y%, CHART 8, GRAPH Cll1-6).

g — -

(c) MisSILE. YAW FIN RECORDINGS INDICATE A SLIGHT YAW t
LEFT POSITION. MISSILE 16 AGC BEGINS TO COME OUT OF SATURATION (SEE - °

INCLOSURE 4, CHART 8, GraPHs B11-56 AnD BI1-7; CHART. 10, GRAPH BIl-5).

e

2.

=

(15) T + 105.0 seconos,

-

LA ol L

(A) EDL. INTERMITTENT PROBING AND JAMMING CONTINUES %
(SEE INCLOSURE Y4, CHART B, GRAPH All-1).

(e) GGS. ERRATIC INDICATIONS ARE PRESENT (N THE ELEVA- .
TION ERROR CHANNEL. RANGE TRACKING APPEARS TO BE UNSTEADY (ROUGH).
AZIMUTH ANGULAR ERROR IS ONLY SLIGHTLY ERRATIC) HOWEVER; AZ!MUTH
COMMANDS ARE STiLL SATURATED “ao LEFT."

L T A

: ‘ (c) MissiLe., No CHANGE IN RECORDED INDICATIONS.," '
s ———s —

(i6) T -+ 114,0 seconos.

=R

(A) EDL. SHARP DROP IN PT RECEIVER AGC 1S PRESENT
(see IncLosURe 4, CHART 10, GRAPH All-2).

(B) GGS. NO CHANGE IN RECORDED INDICATIONS.,

(c) MissiLe. NO CHANGE IN RECORDED INDICATIONS.

{17) T 4 122,74 seconos,

! (A) EDL. PT RECEIVER AGC IS STEADY.

() GGS. RANGE CORRECT!ON.COMMANDS ARE BEING TRANS~
MITTED TO THE MISSILE.

¥ 4
|

L (c) MissiLeE. RANGE CORRECTION COMMANDS ARE RECE!VED ‘
! ‘ BY THE MISSILE "(SEE INCLOSURE U4, CHART 7, GRAPH Bli-1). \
1]
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(18) T4 124%.% seconps.

(A) EDL. PuULSE JAMMER LOCKS IN SOLID., TRANSPONDER
RESPONSE INCREASES TO APPROXIMATELY 2,000 PULSES PER SECOND (SEE INCLOSURE
Y%, CHART 6, GRAPHS All~1 AND BII-l),

(8) GGS, AZIMUTH ANGULAR ERROR BECOMES VERY ERRATIC.
AZIMUTH COMMANDS CHANGE FROM SATURATED GO LEFT TO SATURATED GO RIGHT.
RADAR AGC DECREASES SLIGHTLY (SEE INCLOSURE 4, CHART 8, GRAPH Cl 1 -6;
CHART 10, GRAPH CI11-5).

(c) MisSILE. YAW FINS CHANGE FROM APPROXIMATEY 2
DEGREES YAW LEFT TO O DEGREES YAW (SEE INCLOSURE 4, CAAarT 8, GrapHs Bl1-6
AND BIt~T). :

(19) 1+ 130;8 SECONDS.

(A) EDL. FOUR PULSE JAMMING BEGKNS (THE FOURTH PULSE
1S POSITION MODULATED AT (2 CPS N ORDER TO PRODUCE A GO LEFT COMMAND IN
THE MISSILE). JAMMER PRF 1S REDUCED FROM 2192 PULSE GROUPS PER SECOND TO
1475 PULSE GROUPS PER SECOND. JAMMiNG BECOMES INTERMITTENT. TRANSPONDER
RESPONSE DECREASES TO APPROXIMATELY 731 PULSES PER SECOND WITH OCCASIONAL
RISES TO APPROXIMATELY 1200 PULSES PER SECOND (SEE INCLOSURE H, CHART 6,
GRAPHS All~1 anp BII-U4),

(B) GGS. AZIMUTH ANGULAR ERROR CHANGES DIRECTION.
AZIMUTH COMMANDS CHANGE FROM SATURATED &O RIGHT TO SATURATED GO LEFT,
RADAR AGC BEGINS TO INCREASE SLIGHTLY (SEE INCLOSURE hz CHART 6, GRAPH
ClI-t; CHART 8, GRrAPH C11-6; CHART 10, GRAPH Cl1-5),

(c) MissiLe. BeEACoN AGC BEGINS TO DECREASE SLIGHTLY.
YAW FINS MOVE TO APPROXIMATELY 2 DEGREES YAW LEFT,

(20) T + 159.2 seconps.

(a) EDL. JAMMER LOCKS IN SOLID FOR APPROXIMATELY 1.5
SECONDS. TRANSPONDER RESPONSE |NCREASES TO APPROXIMATELY 1400 PULSES PER
SECOND DURING THIS PERIOD.

. (B) GGS. AZIMUTH ANGULAR ERROR CHANGES DIRECTION.,
AZIMUTH COMMANDS CHANGE FROM SATURATED GO LEFT TO SATURATED GO RIGHT. I[N~
DICATIONS OF ERRATIC RANGE TRACKING (SEE |NCLOSURE h, CHART 8, GRAPH CI11<6,
AND INCLOSURE 5, PHOTOS DI1-2).

(c) MissiLE. YAW FINS RESPOND TO SATURATED COMMANDS
TO A LIMITED DEGREE (SEE INCLOSURE 4, CHART 8, Grapus BI(~6 anp BIl-7).
MissiLE BEACON AGC BECOMES STEADY {SEE |NCLOSURE Y4, CrART 10, GRAPH Bl1-5).

SECRET

P o

3
) 1

e

R At Al ahe S g o

b

ek M b a4 - ab TR NTTTTAL MY

-

arewrT




L

|
|
'l
]
)
!
1
1
|
ﬁ
ﬁ
¥
|
g

SECRET

ez e AEESERES. WA
~

(21) T4 178.5 1o 202.1 seconps.

’ (A) JAMMER ESTABLISHES SOLID LOCK. TRANSPONDER RESPONSE -
L INCREASES TO APPROXIMATELY 1400 puLses per second {SEE INcLosure U, CHarT
o 6, GraPHS All-1 aND Bit-b), -

o
é

. (8) GGS. AZIMUTH COMMANDS SATURATE INTERMITTENTLY IN
" BOTH DIRECTIONS,

AZIMUTH ANGULAR ERROR BECOMES VERY ERRATIC.

i
RADAR AGC u‘ i
IS VERY ERRATIC. PRF 1s DRopPED oUT AT T 4 188,7 seconps. .RADAR s S
SWITCHED FROM AUTOMATIC TO MANUAL AT T # 199.8 seconps (SEe INCLOSURE U, - JF e
Pl CHART 8, GRAPH Cli-6; CHART 10, GRAPH C11-5; CHART 7, GrAPH Cl1-3). < ﬁ
b - o }
i (c) MisSiLE. YAW FINS INDICATE A SLIGHT MOVEMENT (N B A
] RESPONSE TO HARD GO RIGHT COMMAND. PITCH FINS MOVE TO EXEOUTE RANGE COR~- I RE
B RECTION MANEUVER AT T ¢ 197.0 seconps. Missite BEACON AGC 1S EXTREMELY
3
x

ERRATIC (SEE INcLoSURe U, CHART 8, GrRAPHs Bii-6 AnD BI1-7; CHART 10,
GRAPH Bl1-5).

g

-
- TEL

(823 T 4 202.1 seconps.

g‘ (A) EDL. JAMMING BECOMES INTERMITTENT., PT RECE)VER b %g
i AGC DECREASES (INDICATING A WEAK RECEIVED SIGNAL). TRANSPONDER RESPONSE ) ey
W DECREASES TO APPROXIMATELY UOO PULSES PER SECOND (See IncLOSURE 4, CHART 6, P '}
f' GRAPHS Al11-1 anD Bil-U; CHART 10, GRAPH All-2), P
H : X

i (8) GGS. AZIMUTH ANGULAR ERROR CHANGES DIRECTION. AZ}= b

} MUTH COMMANDS ARE SATURATED TO GO LEFT, '
i (c) MissiLe. No cHANGE

IN RECORDED INDICATIONS,

—

{23) T 4 204.9 seconps.

(A) EDL. JAMMER ESTABLISHED SOLID LOCK UNTIL NEAR IMPACT.

I'NCREASES AND REMAINS NEARLY CONSTANT UNTIL IMPACT, TRANS-
PONDER RESPONSE INCREASES TO APPROXIMATELY 1500 PULSES PER SECOND, BUT 1S

VERY ERRATIC UNTIL IMPACT (SEE INCLOSURE M, CHART 6, GRAPHS Afl-1 AND
Bi1-4; CHART 10, GRAPH All-2).

PT RECEIVER AGC

A ATE s Tt

t
' (8) GGS. AZIMUTH COMMANDS ARE SATURATED GO RIGHT UNTIL
g IMPACT. RADAR AGC INDICATES A FAIR RETURN SIGNAL LEVEL, PRF ts sSwiTCHED
' "IN" AND REMAINS IN UNTIL IMPACT (SEE IncLosure ¥, CHART 8, GraPH Cl1-6;
L; CHART 10, GRAPH C11-5; CHART T, GRAPH Cli{-3).

| (c) MissiLE. YAW FINS INDICATE VERY SMALL RESPONSE TO p
COMMANDS. PITCH FINS MOVE TO COMPLETE THE RANGE CORRECTION MANEUVER, Mis-

SILE BEACON AGC DECREASES INDICATING A DECREASE IN RECEIVED SIGNAL LEVEL |
(see IncLosure Y4, CHarT 8, GrapHs Bl11-6 anD BI1-7; CHART 10, GRAPHS BIl-5).

(24) T+ 213.99 seconps.
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; {A) EDL. JAMMER BEGINS TO PROBE. PT RECEIVER AGC
FALLS TO ZERO. TRANSPONDER RESPONSE DECREASES TO APPROXIMATELY 400

PULSES PER SECOND, THE LLOWEST CALIBRATED LEVEL (SEE INCLOSURE %, CHART 6
v " GRAPHS All-1 AND Bii-lt; CHART 10, GrAPR Al1=2).

. (B) GGS. AZIMUTH COMMANDS ARE SATURATED GO 8IGHT.
RADAR AGC DISAPPEARS. ) ' ‘

(c) MissiLe. THE MISSILE IMPACTS 2714 METERS RigHT
AND (H9 METERS SHORT OF THE INTENDED TARGETY.

D, ANALYSIS OF RESULTS. REFERENCE 1S MADE TO PARAGRAPH 2C, ‘ 3 }
THIS INCLOSURE, THE FOLLOWING ANALY$!S IS PRESENTED WHEBE NECESSARY.

To FACILITATE RAPID CORRELATION OF EVENTS, REFERENCE WILL BE MADE TO h \
T 4 TiMES.

B

2

(1) T 4 21.0 seconps., THe "CommanDps IN" AcCTuATOR B~1 ‘ Lo
(LOCATED IN THE CONTROLLER OF THE MiISSILE) IS A MOTOR DRIVEN DEVICE CON~ ‘
NECTED TO TWO WIRE WOUND POTENT]OMETERS AND NECESSARY TELEMETERING AND
w POLARITY KEVERSING SWITCHES. WITHIN TWO SECONDS AFTER BEING ENERGIZED, :
ACTUATOR B-1 WiLL DRIVE THE CONTACT ARMS OF THE TWO YAW AND PITCH COMMAND
POTENT | OMETERS ADMITTING YAW AND PITCH DC SIGNALS FROM THE TRANSPONDER I
SET INTO THE YAW AND PITCH MODULATORS IN THE CONTilOLLER, DEFINITE .
FAILURE OF THIS UNIT IS INDICATED AS NO TELEMETERING BLIP IS RECE!IVED,
AND NO COMMANDS ARE SEEN ON ALL FIN RECORDINGS PRIOR TO SHUTOFF. THE
MOST OBVIOUS POSSIBILITY OF FAILURE 1S THAT THE ACTUATOR MOTOR JAMMED,

SEL

L

Y

R L

! (2) T + 40 seconDs. INTERMITTENT CODE PROBE AT THIS TIME

. AND LATER INFLIGHT, INDICATE THAT EDL WAS HAVING DIFFICULTY INTERROGAT!NG
THE TRANSPONDER. THIS 1S BELIEVED TO HAVE BEEN CAUSED BY THE MALFUNCTION ¢
MENTIONED IN PARAGRAPH 5C, BASIC LETTER.

I o - o P ol S i et

: (3) 1 4 59:92 SECONDS. GROUND RADAR YAW COMMANDS ARE PRE~
; DOMINANTLY "o LEFT" FROM ABOUT 1 + 40 seconps To ABout T 4 12U seconos,

| THE MISSILE OOULD NOT RESPOND TO THESE COMMANDS (See piscussioN unper T 4
21 SECONDS).

et R AT DT

() T 4+ 60.21 SEcONDS. YAW FIN MOVEMENTS AT THIS TIME ARE
PROBABLY A RESULT OF ACTUATOR B~1 TURNING A SMALL AMOUNT ALLOWING & SMALL
PORTION OF THE DC SIGNAL TO BE PICKED OFF., THE TURNING OF ACTUATOR B~1

COULD HAVE BEEN CAUSED BY VIBRATIOHN DURING SHUTOFF OF THE MISSILE MOTOR .
(See piscussion UNDER T + 21 seconps).

.

o g SRR AT

ot

(5) T + 105.0 seconps. DURING THIS TIME (APPROXIMATE TIME
FOR RANGE CORRECTION) THE ELEVATION ERROR AND SLANT RANGE MEASUREMENT ARE
ERRATIC., RANGE CORRECTION COMMAND, BX{, IS COMPUTED NEAR MIDTRAJECTORY ‘

19

SECRET

B
i
RalIWRE o -
~

: e sl
- o IR S
B T o ot e




o g

e

O R FESR SRRSOt T T e vy

SECRET

FROM ERRORS N MISSILE VELOCITY, SLANT RANGE, ELEVATION ANGLE, AND RATE
OF CHANGE OF ELEVATION ANGLE. RANGE CORRECTION GOMMAND NORMALLY INDICATES

THE EXPECTED RANGE ERROR AT IMPACT PROVIDED THE REMAINDER OF MISSILE FLIGHT -

I'S UNDISTURBED BY GUIDANCE COMMAND, OR RECEIVED SIGNALS EXTERNAL TO THE
MissiLE ( 8yy = AAR' + B siIN B+ C8TWH + D). A, B, C, AND D ARE
CONSTANTS SET TO PRECALCULATED VALUES TAKEN FROM THE CORPORAL FIRING
TABLES. THE RECORDED VALUE OF/ARp = 150 SiN B, AND TIME AT WHICH RC
VELOCITY WAS REACHED ALL INDICATE NEGATIVE RANGE ERRORS AT IMPACT WERE
ANTICIPATED. THE MISSILE POSITION AT THIS TIME, AS SEEN BY THE GROUND
RADAR, WAS IN ERROR BY AN APPRECIABLE AMOUNT. HOWEVER, BASED ON THE
MISSILE POSITION AND RELOCITY ERRORS SEEN BY THE GROUND GUIDANCE SYSTEM,~
THE SYSTCM SHOULD HAVE COMPUTED AND TRANSMITTED TO THE MISSILE A "GO~ "
LONG" COMMAND OF APPROXIMATELY 914 METERS., ACTUAL COMMAND COMPUTED, AND
ACTED UPON 8Y THE MISSILE, WAS A "GO SHORT" COMMAND OF APPROX|MATELY

812 METERS. RANGE CORRECTION VELOCITY WAS REACHED ABOUT 3 SECONDS EARLIER
THAN EXPECTED AND THE RECORDED SLANT RANGE ERROR ({ARF) WAS SATURATED IN

A POSITIVE DIRECTION. NORMALLY A VOLTAGE LIMITING NETWORK IN THE RADAR

Ro RANGE UNIT LIMITS THE VALUE oF ARF 70 10 VOLTS UNDER THE ABOVE
CONDlTlON. A POSSIBLE MALFUNCTION OF THE VOLTAGE LIMITING NETWORK IN

THE RADAR Rp RANGE UNJT CAUSED THE VALUE OF/\R_ TO BE APPROXIMATELY # 17
VOLTS WHEN RANGE CORRECTION VELOCITY WAS REACHED BY THE MISSILE. THE

ERROR INARF AT THIS TIME CAUSED THE RANGE CORRECTON COMMAND (8X1) TO

BE IN ERROR IN BOTH POLARITY AND AMPLITUDE,
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